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* 

t 4 a 11-m ^yA »^JI <iUj ^Jj 5j!^l jJL j^ju jmx 11 cy^J (j-uLi V 

£UA j £-^-0 ^_ic p It II ^jlSk < \ ^ * • jk lx. jiAjuuJ ^jjh jj£a£l yLJI ^jA 1j l^JLj 
J^-t | 4_1 jljJ » c_jLl£i jJlfc 4_U UV I 4 JLoLlII 4 \* a-v II *. lfl l J tf I Ijjb ^_fl 4 £C_Jj U I 

£ ^ * p * 

^jlj^JI J^LaL-tiiVI k-ijLa^j fji t <LjL S^JUll lj^a.lc ^-oJjJI ^'-wll 4-oLo I Ij-il 

<Jjtill)) : Jliil [ xlr. JLLI ^iJI 5jJbLbJI i ££jiLLll Jj l^fc *ill ^ilrn <jl ^-jUa 

£ 

. 6 Jj Ja 6j$Lfi dL^Li Lo jiji ^AilLaJ I I jjb <JljV <jJjL=k—o 4 «4.i.^k i.iifl.i.ill 

1 i huijj t J t <V> a (JI 11 ii L^| ^Jc. <5LkU jbn JjJ I 1 t5ln ia ^jj 

r quanta o 1 _a\ » i ^ ilc jilai « 4^j aaII Ji al V o I ^j- 0 4jjS-o L$jJ ^Jc L$ 1 -kl L*_o 

l ^ikLi . 41 A^JI 4j jkJL 4jj^laj o^j£ old ^j-oj 0quantum I 

£jja ljj_flj ^J-u ^jLS ^-O-UJI ^aI l Lfl 4 Ltj .v -v }L=k ^AiiLlllI ^c-^j _V fl <1 aj 

$ 

^Jc <J-JJ-la OJlj fl j I J_fl jJj < 6 Ij_2b—o L^-i I ^Jc 4 A J jjfi 11 j ku ^±1 1 iflVI 

oljLlJI jJbljla <jl iftJI fJUJI Ij-A JaJ . (JjLq-o >- Qfl j_o jLaJul 

® f 

jkX.jJ « 5jjjI jkUiL Lf-flJju ^1 ^-4j < 4_Jjl Cilj-^J (J-Q 4jjio djUll ^jLj ^JaAj 

1—ijJLJ j| ^jLiJI u~\l | JAA i jkj^jl <JjVI ^ Jail I Vi uj+\2 Ci 1Jlj fl o J^O 4 A K11 6 j_A | 

. A^jjuuA {jLajjJjj |J *. 1 I jjb ^ IUa ( jA XiJjut J JL^-o Cul^ 11 A »l l^j| 

ijl t^j (jLlj-o-JI jj Jq 4i a^vI I 4jjJcLJI qIaJj t I J_il I 41 "v u ■ ta-mj lj 

J-£ ftlt l I ^aiLaJl I jJ t I j-ujj^xuj \ jji^ O Ip I j-i a ^_fl jj a,» a efl-h^-o La I I 

j I <-j> ^LaJI ^yA <] LcjjjJ-o ^j| j» ^ I n c-flji jufxi jj-a IJ-C. < cil I iil 4 -ft mL> ^.a-i.u 

Oj-JI <il t j irk i ji*m V ^jJI cJLUll d^duj jL^.AA jLk t\ < .ilc 4 jLaLuJI 4Lk.jil 

. *- Qijo’lM ^jC. 4lla(j 4 ^lll I at \\ 
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L!aJ I —2^ i Uo j it. J ij^i \ *\ * £ ^ Lc Ll 


JL»j| (jjj-UU 


^ a 1 ^ 11 1 $ « A fl j ^ll I 4j^J»l]I ^Jc <\aj (j^i iiijj I 6 II 4 j CiiLj < 4_uI 
I A^l-fl 4-i j-U J | <7 mA flt j j I ll ^11 J-a i J I I JJh V^lj < 4 > ^ 11 <jjlV\l I ^Jbj < ^tilx) I 

>_flfl. t V -JI 4..i iA fl I (i L a 1*11 w ■ ^ .I jkJjJI jkJ_Sj £_cj t ( ijuiiJi < _ *-A I if 
^lc. 4_i a U 4j iiLH j^udLxi jaj # <*LJLIj d j(JLI Jj t SjULIj <5LLaJ( 

SjjJl {jC. dj^L il^JJ 1 d^L <il t-u a ^jL. jk^JI jxLull ^j\ i <Lusul a 

. ijj-aHJI J-lAj V iJjl oljAjS LjIj^LIIj 


I ^ j , uT> 5j^L*ji Jij ^ <£jAl ^ <J-»LaJI Aj>l <i 4 >Li ttfcLij 

t^LA it A. i (j » * *i * 4-i( t JL Ij jjja^JLfl t 4 t i i ..’Jl 4 i - X a L^jJ ( ^jL< aajiV I l.\ til J^IVlaJJ 

* * * A 

IjtjJbJ d Jfc jaj Loj < Ij, uo5 dj-iC, 6 l^-i ji ^Ljj-La OjI A I j 1 Laj t LnflJ 4 _C^jjoj 

OjJjl JL-& ULcuilj <jl i dlj jj-Q ‘ _ C.V Ij f A^jLc dj > C ^ic j-aJ J_B 

^llla < «(J ISLaj] I }) jAj V I * L u o Lft^ >A% ^ jj I J^J i J Lo< SXJOk 4 At Ai% 4-1, I^a 1 A *1 H 

. I ^yjj Lft-AJ^I (Jj. ^ .i t Jjl jLaaA l I I jjb ^Jc j^uLj 

« 

4jjj j»J*JI 1 U~t 4 t> 4-ull lj <4J > ^ l l ^ fl ft d-o ^ m l j U^-oLc-J ( _ r Lj 
J . Jj l^cj A l^j=k j i tt>l I Cji LA ^15! I jj LauJ Loj 11 i yij Ij < J i.t •%! I 

I JJ-aj I ^jc — (jGjiflJ I (jG(jb oLxljj ^jLLi j-Aj — jiLj-JI j I 

— j^oVl jjJc j\^?k 11 j-jJa_JI jJU ^ijI A■ \y^jl 1 4 1 tin 3 ]Li 4 4_»Ij J ifl i 4 iaUII 

liA A.i-Jb-a^ll 4 ft 1 fl . ^k lI ^jl 4 J-Jjjjl 1 ^ 1*«« a oi-ul JLA — jklll ^-Aj VI 

. (^Jc jJc. J^ij) : Ja.j Jj* tr* <—»La lull ^ fAAll 

A JJb li i »11 u 4, A 1 jf Aj^ .*.ti 4_iJ^oj 1 I jjh Lli LS jjjJ-i 0 Lc I -ill I a JlA 

^j-o £uj-JI jJdl a La <jll$ JLjLIaa « ^^u^xAllI ^c oL>A^il 

ill <JjlgJI L^j-lii jJfllj ^jll LAjSj j ^lll P I^JI ej^SUI Lfl| r AjLI 
cA>A 4JJ-LU ^jc. Cuii.n iG 4 jj-Lj aj^aS L^xj^j ^ >11 » s >fi I L^la C_J(>o JS 
. 4 -1 n u l l I ^ ^1 xt u j ) Ljiaj ^j-lc 4 < mi ii^a 4 ulr. 4fl ifl^ ^jjtll 1^ Jil < <jjjLaJI 
oVLAJI i-jiljC ^ jJbj (^jLaII L it j^Jc jjLaj V (ilj-a»Vl j i A 
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jJ j-«Vl jji <J Lo < 4_* I I ^iJl <Li AIxl I 

U^V 4 fl \ u Lt £yd LaJ i j^^i-JaV I ^Jc j> i II ~h 1 ^ < LLaJj * I Lx$*^ jrcl 1 t a! 

^ > * 

<jc jo£, La jJbj t jliflfI *—»IjJI ^r*i fl *ijj V| I ^ Afl * < \ it \ 4 t >iUlI 

. ojjjl Laic ojjjl L&iS)) : J^ftlL ^ & \-hI 
(A# ‘ cf 5 ^ o' J[ <5aiaJI £-0 5 Jj LU11 6J-4 ^ JjLlauVI (JJqj 

t_j^jll vt^LJI jjj t <J <111 6jll^l (gjil jjjiL Jjl < tlr Ij-A Jjl 

j-a^all jJ J5) • 4 mOJj^JI <jVI ^..it .n £jSJl Ij-A f-1* i-i <jlj * 4-UI UJ-^ 

dU> * ^ I Jd_* <£la > li*i j ^jij qI„aK i flu £>| (Ju_fl ^.A-.-J 1 j fl'il ^.jj pLJSl I jl j-o 

. <JJI 

<jlc> t-iuijj <jlc- 
\\\<\ jj* , 5jJhliJI 
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(Afafl jJT LujjLj £*Ib£( j^lj (J^ l ^ 1* ^ ^ 

A m at ill Sj-iLl LcljjfJjJj . i-lAjjtiV/ SIjaII iji JajjLjlj LfjjLaJI 

ji (JJ j auaI I £ya /pjmaJI 

,p IjjjuJI t^yjull ejxAlt fj^Ljji)/ IjjjLaJI ^ jATum ! 


t <2K5-^ ** 4< ^ *»tLa iji.l *J) j»JjJI lull j5J < iujLaJI ijxflj pljjj-ull u^ill £-*-»-i 

.J-Jii (jj>5 <JjJi iiiJjLaJI ^jC. Jjl £-*-Oj — (SJ-^ I * L 1 ^ CA^ U-® ““ 

^ I^V I 4 *Cj -v. lj|j i .. o * I — ^j-iju-U Ij-fl (J) t. i U~i i — p LqJaJ I ^ 1 j->*i i ij) 6 ^-q |JjVj 

6^ Lfciijj . ^OjV I ^ Li.u Ai I l^—J I ^li.uV I - J ■ ■ ^ * ^Jc. 4jJ L a i J ( 

Ljfj * J< fa (j^jVl JL^ JA all jljjJj 4 -v I a " 1 1 Jaj j i u (jLfl ‘ j i.fl aaJI tIfl..JI JjLoJlU 
« ij tioLaJI <iu 4illl <JJjJaj ^_fl 3_ujU. Jj I. i < uu I ^aJ» jJJj t CjVjUII i 

il^i* (j | ^-ic. < <_l i-call I 4 i j L*» II ^ o i'll Llua | ^_A p IjuJ I fl.“il I J-iuaJ ^Jj_fli I 
j-iiu ^Jc. <_JL j^Lc <JiLa ^yi J2| JJU <j| 4 li Al \ fjA Lfl ljj4_Jj-a (Jiaj <Ujlaj 
-( 4 , » t >UI I cjLa-l-ciL^II ii^ii)Philosophiae Naturalis Mathematica JajJI 

jL> 11 aJuh ^ 1 ^jjLlLI iLu-uI Principia ^ I^L^ViI 4_ilj jL uj 


Ijj c/a «j >IJLa <Aij"JI <jjij_j-«=u ^LJI j)l ^Jl >iJI uJLaJI JI c^ .1i 

^jl LA I lAjj jJl^I Ulj * *-lLtaJ I <_laiIjJ chilli ^ l\-^ ~ I jj r 4_Jjjj_JI J^V 4 »j( -v~ 

^ Ifc j“‘ -j * I Jlli t ft’uJ # jxA^JI V JLtll JiJ-m ^1*1 i 4jjOLujjV I 6jL^^il dlj u_l J i-AcJ | 

Laj r o WI <jjiu LJU. ^C-IUJ La jJj < J jaJ I IJ H 1 A j J-fl I p Laic, (j I J_sw I jCii V t jjb 

^jill - ^Vl r >jl iJcl Oa JU, l^l^Jll ^Ja ,> JIL 
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1 I fj JIaJI CljjlLsj . p I J jj.jJ I i_j^jLJ1 j.i i*fl i cJLlo 

^ A-t V <=• LuJj 1 ^A <-n~j.t o P LuJj I L 1 UJ c_flJ-WJ *GV J (jua * Clj jLxJI 

I ^ id CiJ J LlkJ I LulIs <^ll I »JLl i Lg-la j Infill 


: JJ 9 -J jJLJJ 

< \~\£ T ^Lc. j^Ll!I j-ix. <U LiJ[^V <■ Jhj- 1 - 1 

Jjfl f£AJjJ 8 I JJU < ^J-1 Lu!uU j Cij-J) J; I olijliil ^j-°) ■ JiJJLa. 6 Lflj 

4 it I jj L£ ^ \ A V \ 4 Lo J+Sl I UI a Lij ^ Lc, ^iAj ^a jJ^ 

» ? # 

<j^Lu ajJj^o jSj * J)~k jojI 11 A j I ^jAuu ajJIj (J.li lo ^tiU 

jlj_4-oVI I jjb ^Jc, Jia J_5j < <jJV j JlJU ^Lfl-JI (j-l-C. djIj-i-oL 

^jll j!>L^VI 5JLUI oLuVl j juuj . 6^-ox. jj-o cA^Laoi 1^ 4 -jljI^JI £_L ^i ^Jj 

: I ^tuuG L yA diLalg■>.ill (j-o c La U. c 

Nature and Nature’s laws lay hid in night 


God said, Let Newton be! and all was light 

! La 

P LalioJI j-U^Lj ^A..<jljL 5 1 Ijli <J> 11 LaJ I Culi 

.pLu-cJI I ^LCr !i_ tji\ (J Li jlj 

<6jjl ^-a CijJS I oJijjlj i Sj^ y ^j-a Cal iZAjjj CjljLiJ) £_Llj ^I 
aLxjjLa j fl“«j . Ca| £*JL> Oyx < <t<u Lai I £-L I <Gj_^ CiLc-j ^_fl a L»| iSjt 
^aJI Cj <-iilI itllj ^A Laj < ^jjLJI XtC. 6 jL-lJI «G(ij«n~i ifllS Lxjjij JLx-oAjVI IJla 
JU-LiV I^J < j iti i“> (lA^ Cai^ J4J4til 1 jjjJjJIj 4 CiaLJI <JLa£.| ^ic. L^_ijj-oj 

Cila.IoA Cal 6 Lflj Jjl_jj . jii ^j-a <j I I <1 La & L^a jX£- v JU V« 11 

J ■ A j . 4 ULL^I Cj _fl (^JjI J ax , « Ccj^ll jjt3* i ^ > (jl 

cK ^J| L^laj 4 CujJall JLlC. I <_ 1 \,a >JI Iji^Jj 4 ^ tlnil I 4 jLc_^ ^Jc l^5i J 

<jlj- 5 l <— t l rj ^-0 Jjiij ^-jl^ I t N "\*\ ^ ^Lc. L4JI Jo^j ^HJIj CjlxL^j 

. ^ Lki: I <j-a CLaaljuJI «Gj 11 ul ^La uiJ 
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jt^iVl ^jlc. LoJ-jj-o J I jJbj ^l-=k <G| Jj^oj Jajjj 

<jjJ-=JI 6^-LilI <_Jjj j l5vil VI fi> j_A JIajj * *Liajj)J j J JLk Jlj Loj t 6 J-i J^ J 1 

. jjlj Ljjl oLuoU. Lfj «wfljlcI j_ 5 < <Ui <Aifl <Lkfl j <JlS Jjill 

ill <J4jLl_uVl iL^oVl J A ”i i <J Ij t A IM& J jliiVl a J_£_» Ufll I <j I 

j5L < \ "\*\ 0 ^JjV I A i oJ<J I < 1 -tkjJ ^k >J < ^I~>* <ij I ^ 

j- 14 -dJI IDI *?Lj °*» ^LJI ■ ■ a *> t <j jjLi_u 1 jJo_» ^jLc j><~- JJj 

^/-illoJI cA-La]I jj - 0 I ukia L^k ^.Aoil ^_i_j_u jLcj < l^il^l ^JuaLDI Qfllf Lfl <^jjjJ 

. 4-jJLq LaJ 1 ^-i-uljjJI QAjjSa<j1 ^ I <43jJj 

Lajj « 5_ij jLJ1 ^juuSjJI tj » jLa ^.ioj ^jl (ju°L*JI Jjj-A J>LL ijLSj 

* * * 

{jA I J_i J__=k Lcjj £J_Iul JJj (Jj- t-Oj-jJj I <Lk 1 fl ill -Laj fl 1 II ^Ll 1 A fl 1*1 141-0 

I jjb IS ^j Loij . 5j-tiiLua jiiS | CjL L^J| (JjL^k (£jjIj f J_aISJIj Jj-oUJI !plujLjJI 

^k pi_ft_*-uVl Jfjlli jj « *All j^Ju <L»jLau ji L < 4Juj t > fc ^k *—ilS-» 


jj <D*o ^J| e^.iVkl I q 9 ^“ 11 ‘Lu-iiJ ^jJl 4_flJaJ O-j LlUl I J^jalii I 

jJ-Lj j^aIaJI io- LJ Jj i I J-uIj Cj U1 6jJh j ^.O ■ (j-^k 

1.^ Ill < N *\*\Y ^ Lc. JjJ_^ J^-o Lfjl^jl O-oLaJl fl . <II_a£. 1 (j-Jt I J-^rw I 


j.LflJL <Juaix lI 6I ^JA t J frlta jj (jLS 

cajLS Ij-A cognoscenti. ^11 > <>j—u_^ *U.~k_o ^ ^u_lj jji L^J ^« >«(^Jl 

5 jjLciiV 1 ^ jJ Jj VI < 61 ri 1 VI CjjJj Cj J_ik I jj <Li JJ I 4~jl 0 a 
^^alU N^ cj( j . ^> LJ I j% ioi fl <j_uLj ^jujlcL jjJI j^L j"kj»l j 1 "u.uVI 

<j-ijjL_J I J* <fll~k \ ^jjJI JaLuulU 

u ‘^>xUj JjJ I pLl£.| ^j- 0 lj^ ^k -1 A < ^ JJ j Uitj Jj0 5 LaJ I ^ J-Q 4 J 11 < J Ij 

jVl I Ij-A J « < t » J ^jjl (jj-fi < Uk-lilLj .jkLc. JS 6 jjloL^o 

, Stephen Hawking 


a 

pj_aJI pj-j-taJI {jC. 6 jlifli j^Jo MV'fj • <j*_j La 5 j i fill 

^ VI j-J oIj fJ JajJI liA * Optics' 1 oL-Jj^aJI" ^^Jll <L-c ^ JjVI 

. <i^LJI Jjjjaj Ajj i.ijjct Ij-uL jLkJu jj$i ^jc. gli i \ V • fc 
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Royal Society <£111 ^ ajKii ^Jiii u* <>^ <&jj,l ojC jij 

J l.^h.g.lJ I I ft ll 1 I £/j ^j-LJjLuuV I (J-fl -J. I tl N * jfcLc. '-* ' “ 1 ■■ 1 ~ I 

^lllj u ■■— 1 LLa-j^^L-o y^l I jLJq^ cR obert Hook dJ[$-A Omj ^* l> * 

. ijJj* -a j^Jc. L$- ^ -fl I *U <j) <j-i J-^J I Clllj 


: iLTUjJl uiL_d yLc. 

1 j^yC, <1 L-ft-C I < i-i-c-u-» ^Jc d I 1 | < l A—~^J I CJ0j-JU <J I Jj J; L£ 

Aj l£u I I CjJ) I <-i—Uj-^ ill <lt Af,| JjjjJa JUj < jl/VI ^£. 

J * 

I AiAual! J ^ J i «i ij . Cj L <iJ <11 V Jj L 1^1 I ^j£- P^^aJ I <xfl ^ »J^ j ■ ■ Jli 

JiaJll Ijja xilj Newton's reflector". ^j-uSLc. u I Q-^i < I J_A Lftjj 

< ^JllJI ^l*JI ^jj <juuxaJJ ^Li-ftj <jUJjl <r^jdl \*IV\ ^Lc 6jlj (1 a^ £^l^ia.VL ^.aLlII 

# % * 

jujii I dllj dJj-A {jLS . 0^ I JjC I ^ I tjJ.Vflltll I 1 ^ i 

i c_j Ll L ^I j i. u j Lit tj> =». J1 (_gj-*-* L * p^ i-^lI Li.tj-ft 1 < 1 * ^ I £-2tj-jo 

— olljS ljj| jc-ju-oj jxlj — sklii I ( j_a J-oUiU l-i^ft jJLC. Llj . dlu&Lj 

C_J l^w-u |V I AjLuJ jj-fi Lu_u ^ftllJI £-ft <j^TkjJI AJJ& Cul^ 

p If I i ft < Ij jklx. < i» -ft ^11 <Lal ft > A i 1 jaai U.J < I I j_A {Jc. 

' C fcJ '-^ U0 ^ 

+ fi * * 

^1^1 \ .fll /a i </•>! -Gb iJjjij gI^-A N*\Vo ^.Lc. ijjlll <jjLj jGfr <j£Jj 

Ci'iA lAl t p^</>M J>£. <J-»Ij *Ul*kl <i^ ^ J flit | ^_Ll till j < X -^. xttfl ijj I^JVI ^>£- ijy J-U 

t~t ^ol 1^ f oliL*. jiuojL oVl I <i^iil cjULJ) 1 

f JLl tllj-A j L-v I ^i-Cj . pl^jj jj-ft < fl 1 Qj <A >Jo <LujJX J^O jjL^oil P^ I^x! I 

^J -V < dH j j^j|j < I > <t< <j_ft jjj 4 lift £L3k_JI I jj& JjLi < I J-L^Jj iu^Lc 

. Ojl^iJ <uJj JLCfl | ^lc LuiLuil Goui^a Jlx <JI ^lc iJjJt fljj ^jLi jLAft 

i j^a JnJLiS\t Lajj) dljJfc j%l5 (jl »jL=h. ^ IJ ^ ^jl <Cjj-*aJ Jx.LuaaJ u_fl-fl^il 

jjS <^Jl-i-nall Aj-U^ Aj il x » ^jl <GJI ji-u-k IfjLUl (jyLtk j c_j LLa. <j(x^j ^ j Ji-A^y l I 

jlifil ^ 1 (jtx JL>^ <jlpLcjl jj_laj-u]l 

dllli (6^yi£. ^j_o ^1^1 (^bH Ijj <JL* Jj- 4 - 1 ^->-h^w^Lo ^JaCl li-A ■ < n iti A 

. On the shoulders of Giants 3UL*]I cJtlSl lJSj <lV 
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* ? ^ 

JL ~1 J[ ^ ob c JJj L$-jL» >LjJo < k-O -Ul Cjj j *i fl j 

I ^j£L 4AjI^j£ 4_iA O j'u ^ jJ I ^LuuVl Lfll^JXrl t Oj Jj I a! iaj 

JL-=kVl L^LjjI ^ j2 4 jj!Z jxi.j t j-j-i-uilll Ij-A A^j < SujjUJI A^ 

^LaJI Jlj jjlj J1 .a c.V1 6 A ^Aj A fJ a] Aj-a. < Lj>^ ( <JUI 

.JLojAVI J-UU jji I < <_J1a" nj Jj t *U-oj-% A 4 iuA Ju ^Jl ^ 4 o (jUl I 4-Li^a j 1 . * n 11 A I 

$ SjLuJI At A* 0 (jj| A^ IjL® 

^Aj ^ lr <j^Ij jjj-Q 4 i 4_J( fllrkI ^Jj 4 j*-cL^ O-aLS j ^VA 

<c # 

j^iil ^_q [_fl iflJ 4_J I ‘~' c J }lal£ Lcjjluj I jaXjuu I ^ LflJ ‘Z* n la 1 4 w .< I \ 11 < 11 \ iA jJ I 

Lj uJI ^jA jAj .4..u j 1 aJI 4 i/i a ijuj '^-)LaJI pLaJaJI 

jj.^ill ^lill 4 j(j f LqI^VI AJj J}IA John Faulkner j&lj* A>^ 

oil t Aj-Aj x - i A-» jL ^Al AjJtll JjIjjI jj- 1 -fljJI 4 in,^ t~i ^^Jc. 6jl jjlII 6J^J 

^-Aj A^f <j|j « JUL^ A*- Jj « (> Lflif fJ ££>** A* LT^l 

pjjuA<LoX. A^- Af ‘ 4_u jLA J t _><=> v JiA > 4 1 AC. (jc | * ^jI jiljl L=k (JLA I I 

. pJl All 

A LAj * A J > J- lJ j.tn£, LxjLA l^-a I ^AljJI 4AJLa_aJI SjLAVI Oj LA JJj 
AjA (jl Ja"i-AI A^j) pLAc a^ j] ^jJlill jj) i/nflt I 

LI ^ u^ fl"t jA| 4X.I u^> VI C.i mi jI L^-JI j^plc ^JLocV AjjAlj ^4.< <i fl,‘t A-L 5 A ^(j j-u A^ 
^*W 0 0 Aj-A ^il <jLU.-v oLoKJ A^A jl_A=kl Al l*iJ Aj * JiljVI 4_oj_5 

4_fl -w A^J * 4-^v A^ Lf>^ i»i A^ ^ jJ I ^-AlilJI p^-t-uj ( nc. V i I Al t 4j(JlU ( fl.LflJ A^ 

. cjI A. 1a » j > a'm A^f 4jiift» Aj_a a I 

A j 

A>^ ' A p I q j.4^i 1 ^Aoj < Aj-A L*_«q a A 4 J La ^Alj A^ 0 ^ 

JiAJI uJjC c j mn^ii 4-g^kji n a dJlill JjLl.-uj 4 n <r> mi c-JjlAi 4A 

<^^.Arfa^-ail JLAJI jjAj <iLALj ijA pAill c-ijJSl Jj < 4Ja_y. "k L 6jj ua i 

. ll.LAfl A^ 4 jL» 4 fl L*-»J A< a * 

*>A lj A I A^-°f 0 JL 0 AJ LfA j-i-A ^IJI A^s>A SjLxc ai 

< « p * 

Lc.1 i^.A Jj ^A Lj lf\.a A^f ^ cjUAJI A I A* 1 ial 'AI ^j£> ^ 4 Ai)j < LaLaj AJLAo 

l^J Liwii Ia* t L^J ^^aL-oj a ^- 1 A^l A^ 4 AIU Aa-oA I ^j| LlA Aii 
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La ^jX.Ij J _5 CxfljlI ijJI 4_j| VI f LaLaI j-aVI I> 1 a U jjC .Ij jJflj i I j i \ ^ 

i Laji t nib ^xUSji {$j* La^ -L> LJVI cLJ . jjJojjuJ ) 

duI jXj^J | clLI j-i jxL5 j5J l Jl^ i -ft JrtC 0^ OjtSjJ <J jxLfl La <jI 

OljIVl 41< jibLoliJI oljl ,V.VI ^L, <6 JJa-!Lq jjleu j-iV\lI oiu^l jSj 
>A Lo O-i Ij J-5 Cu^ Ijl j (ojl^-iJ ^La ^Ic. j^— i - u JI <j O-a-5 La : j illlj 

Giants 4~a1^ 3 1 < tio.-v^La < j « »q «l Ij <iiL ojJI I ui^j ^IjV iiDjj jjui 

j^jlj La_c I <jj J a 1 I JjLi«Ij-u. ^ L^j-o cJj-a. <JjI *-. *1^ j-5 <-aJ l a . jJ I ^ 1 

(JfLft ^y]J (jiljlj < aLaJaJI JLa£| ^Jj L^-Jufl J.Aflll 

< it a ^Jl jjAj_c. ojI jJLi * LfxA I j-aLLj <1jI a~U I oLLLxJI Lij^i La 1 jjj 

. l^J ^IjJl^VI 6 jlx-|j I jLJI aLII aUJL 1 LaLaj 

^Jl IjjLuo jLiaajVI <JL,i < J-t-xi I <LwjJj £jj>u e Ijjll j-JuLil j-iVI jjp-L 

illftlruA <(> JLlll ^LJI oLujyLflll 4 _»LS j muj ^lij * W*V j*Lc cI>a 31 

4 \1AV jxic. LuuajjJI <jLS jjL La(j . Lixll 4-aKll <] 1 

i *Lo-i.uLi ^ iiiull •_uAlL Aj- ^ -*. t JI ^j t ^JLa jj^Ajj 4 i»j*^ 3*® ^LJL VI uj-^u ^ls 

. jXjiJl ^yA Lolc * *»fc i.tVui~X £-L di (J-axII i-_J 


: <L*JiLff J-C 4 dj^L 

1 •L i*\ i a I ^ i.u oI La I a ia i «»\ >j-j C.lja 4 » 

I1 L^uic, i—iflj I c-i LiSkV I O-i (ij . <oj j LJI ^yC, <j jiajj t I ^yC. 
jhL 4—o-i-uLi jLij-ij (jujjLi y.t tit ^Ul jjlli * Johannes Kepler ^jLajjJ ^ 

<jlj 1 ^ x aoj Jj( \-~yl 3^*^ LJ 4 ^ uUl^ill AJ-A 4 -juu jj jLi ^J • 

»4 J Ijl La a jl^j * IjSIxuA jl£ ^iJI Dane Tycho Brahe ^-a I^j jfi} 1 

N*\ • N jxlc. j_j.fi>! j5j 

1 Lj-i IJ ^jit.n.i~t \I (J>^ i—I j I J-® 31 (j" 1 L) Ij ^ L>j La 

I JtaAi I 1.^ la.fi j j^lil 4a^ Lu il 3 (j * 4aiLifl I j\f ( j u a i t i l I LaLlLa I jJj 

I j_A CJ inj < <jjLLixi 11 4 Jla jV I Ljl ml a oLaLu-a UiAJ i. ^ (^l> O** ° * 

^_j-fi t>-^ <j-° Vw>^^ tA^“ Lcj^uu J-iSl I— uj^d ^yuLuJjl 
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Jftjjjj ^ — \ jA La^ a> kVI >-> i n fi l l JjL£a f^\ t 1 4 if J-A^Vl <-uLaJ( 

. 6j tuu ejSjill SjjJ £y*'j Oj^ oIjIhj Sdc. sxa ^Zu iJL j^^Li 



JjSl 4 j£.^U > fi < C >.i. fti* I. H svj il A j jLua ^ N — \ J^Ulj 

* 

jjlll <jjLiitil 1 qLaI xuJLl i j-cl Jtl U.iU t 1 +jl£. ,\ * ?i jj l «Cl£. i 1 g xa ujj-aJL i ^-Aj 


« j I.t«r ^LJI (j^iit f Lai c die. SjJJiJ JCJu aJ 1 6JLA Cui^ 

iAf o^j j5j . <fic u'A\ ^LujVI f£j jla. j^d ijJjL^ o^ill 

< jJI cjUd dA_t dtjJh £-id La * iudLaJI ^xjG O'*, j ^Llu^V! fljjuaj J 3 A. vJj-A^ 

<LiuJbJ <1^—U4J tii^AJJ .^-uu£jj) £X>jZ\ 1 ^j_^jLi <1 a d5 <iLi j3j,U 

<Ji Miftt ^ A <iu 6 J A -7K (j \*\M fjitint-u £.1 ^fi £dj-JU<&L5£ ^j-fi jlj 

Oe^jj f oljlti4 6dX- ji~a < K Jul I dJfl <jLi (L 2 hj~U AL^.Lis 1 ^yi aajJ I <_jS)I jSLI I 

1 A■'VJ J. j ■» »1 <5^Lj J-JU vjLu^ll Id-A ^Li Ijil-A <j-& qL=J| 

j ,u>\> fll Laj . SjJLL uil£ j-ui ^JLa 1 1 <J ^^juajJJ <j/t 
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^Jl j-oVl f l ^olu >ti^k^l I dJj ^ic. ^l\ i 1 ajIAaI 

6 j-*ijj Lai t ^^JLa <5Jli ^ic. UL) N*\AV ^lc <xlu^UI <JLUL A * ■ t~ ^ ^^aj 

NVT^ ^A ^1 c <2/-al-JLj 6 Lflj Jjlj Vj jsuu ^»1 a 4-iJ iJrx.iV) <aULj 


J-a <G| ^Cj-i * Ajlj— ioj| J£ JjC V lJl < ll IJ-A ~k v fl *u ^ i jJjJ-jj <jl 

jjl VI ( (Jjlfl (J-° L^JLiuDJ I JaL£jJ)j <J-co Uli I CjLu-oLij ^JaL I JA <41 <-iJc. t ji'ill 
<~ia^i ^jjJ Dj Luj — Lj_JUI oLu-oL^11 ^juIjmI j^j-^j-aJJ 4-»«A^c 

^a 1 <4i~i j-5 JJj Jj I — cj L^ LJI <j~o jjxzJ) I Ijj> <j3Loj Sjj-i 

Wilhelm jluV a. 1^-L q q( l^^LjII ^JLc. £_a S^Jll aj_a < jl ^ <ti II ^j-a I <JL-oLc. 

* * p 

Li(V\ < ic. j^.7i ij < oI i *-AL J I ^j^a j-ij-^JI j^lll Lla ^J| 1 1 A 1 1 J-cojj Leibnitz 

c& >ujV Vj 1 ^ Ch>^ lt® ^ ^1 . MAi <vLc 

j-aAj ^a Ljl-o I a ^ 1 i xjlllu J_*-AaJI (jLfl •Jfj <Lhs3-^ <JI <S jL ^ L&j iiljJ i»l 

5jLJI oLIj-jlII (£ i-^ l ^c. ^jAx a i j_i l. go jl I j>i VI * J^al^nJlj J-xALaSII oI t j ALj 

• lKAH 4_ii -k^jl (SJ^^ 


p * p 

pLaJjlII JaAj dlf J J iAfl * <li_C I L V ^Lo J-5 Laj ^ i. t'i <_JL=JI liun 5 ^j| ^-lc. 

L Xj^-* Lc. a I I jlj i >-ul) jJb ^ I^A >V I 4—6 L£ Jl—a <jLi ^Jta-iojj I S^lii 

^jJc. AJjjajII ^.Lu_a.Vl <J Lk. ^Ic. jja^La I j-A | QjJ J-Aj . <Ju^.jLA 6^5 I— tUl U 

JJaj ^ 1 1 ig txV ) ^L» JjVI ^ L-O i L^Ja-ljL. j-uLj Ql^ > IfJjU \ lru u 

3^5 L^ Jr. jj L ojLj 6L^jI ^ii iuli <£,j4^u a ^i <jSL_*j LI » l^-UlLk ^_lc 

i l^Jb Lkj I j I <jCL^cJ I j I jlLa jU» il I ij JA-a I ^ I OjjL 5 (^yAjj . ^ ^ ^-J-=kj LA 

^_a Lij^-L L^i lai Llfu acceleration" m *1) I j $I «<1 *%. .a 11 < il c ^IL. -> ^jJlj 

jljill 4 J jLu-a JjLfl jj JjLi J^J <j| iJLJI j^iLil l A < <-lL LLull 


ClUa IA jl fJLjill J-LJ-toj ^Jc. ^ > Ldi OJLAJ La IjLfi i aL^jVI ^-fl <1 jl * A - aj 

<j ^-AJj 4 -lIc, JjuJI J^j ^JLjluJ <—jl_A « ASlLI In mi 

i^1 j-u^kVI uAj <-ujL=JI 3^ja ojL^ IjU Jlj . jLaJLI 6 lAjVI ^a 

jj C>^J^ I cH* j 1 *-® J J * r fc i i ll . “ i j (^ajV I jtLiAi ^^ic, ^1 -mj. a V I JSj I 

jj, * hfl f jLJjLla 4 <.,n yflll J4ia‘i \ jl IAl I aLAIVI ^A t^ilc <LaI^1I ^1 aua VL> 


. — inertia ^IjJ l dUj ^ aj-u j ^^ 
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< ^)A ClUa*« Ijl VI 1 />fl,\f jjA"i ai j Vj t I a ($ * > a 5 a^.Ij JS 

(J* flj ^uo] 4 j j **ti > ^jJI jJVl cllj f-^-Lh cjL a IjLa * SjaIoJI ^ja cj^La 

. l(j ^ Itimi Si£. dUajJj 4 ojjLJI jjjG ^jlJj J*-® <. i \*> Jj *4jjjUJI 

a 

<l_y*A „<,7>ll Jjjs* uoS^SJI <LSj_^ j i ii fl < j.l iS (j^l^jflj 4lu IjA aI j aj. x uLj 

La ila o in ^11 (j*j t .\1 -va1I 4 1 V 1 t ^jj-uillj j^ojV IS L^oSIjS jLaaVI 

j I i_y^n itill k ,^S i ^_jSj Lui^ O.SjSl La . ^> S * I1 ^jj^jJ I (jijjL a t I jji^jU-U 

< If*. J 1*1 U 41 1 1 Lqjs j: < I Mill 0 . 1 % S^aJ 4.ix a ^*J uwm 4 jlCjjlu 

^Jj * ^ 1 it ft t til I ^ (In tl I 6 ji^i Lfl ■ w * ‘ *tJ Cj U^jJ I 6 J-A | 4_^JJ ^jJ^JJ I <JJ J ^->SV I 

. 4 Mifl I 4_1 ^j^ La ^_A I J^J J L-o J I Aa I j c jjjSJ I p 4 .J | 4A IS ^Jc. 4 jj Lloj 

^$Ai 4—u jLJI I joA I JjlaJL duS 4ojjLJI JjlAj L-fl l i .. p^.i.tjj o^I La*l~% 

< P I^OJ J_a. I ^lc. <JaA Llu! I P LuIiSUj ojS IjSU 4 > <-g‘J L Sjjx-oJ I j^oAIj l_A jJjQj 

4JSUJI fcjjh (jSj ^*Vl ^jl-A ‘ jk^JI <A>fiII jj-aV I ^j-a j 1 "> t 1 lj_A <j I ^^Aj 

4-_u j LJI S^i <jI o^Sj | 1 -aS . <JJ^L A^t-ixjj a.\ 6 jSa duiS jJLa * jjjaj oaj 

I 4-A LuJL La (Jjla I Lj t (jh^S^-o ^A S^Sj-a ^y=i jV I <LS Cu LS LaS ^J^L-*-i 4 a -u^>jV I 
^ I^3 -jwj * <jjL^_ii I p I i 1 I 1 V I (Jaj ^a J '%3 J 0 ' ‘'Sal I ^_i_ijoJ I LaI la igJeu ^ju LAi 
^3^ u^jVl jl * Lfl-aUoj ^a ojS>^j ■***!! 1—oA jjLjLa-oil 1 *t k «»ll ^jLSi 

J'y %. <la V-C. Lk <i^lfj duu I Ja]j < I ^A (ju jL*%g a & a i u ^ ^| j| < I ^ L . ,. 

^A A ~% u I ^jJ I g-^ol L 4 u^ La * Lj Lu| p^-lIj qJ>^ 1^ « <jlj j 1 -%J I ^jL. *d ^L-> ^a <jj(^JI 
jj I LuAjI jjJn. JA Jjjj-oj Jjl L aS . 4 tl i Al A ">11 CjVjLaII ^1J al x nl (jjJj ^ I <4_ilo_S 
(J^LA La JA jjlit 4 I.i.ii 4a 1 1 iu> »- Lq t 4-In fl L.J I A LlalSwV I J*-vt UI Jjuj 4 <. AjV I 4 n L M n .1 1 
^ I 4_j V 4 _A_io_ 3 lI I 4 ij lU't VI ^ 4 i_u LaJLI O aJ %J» i u I > at) Lj a ... ^y> ^JjVl 4 -ojLJI 
4a 1 1 ii. a ^ja ^oS I I i^a 4a L i*. a ^-L. _j_a_fiJ I j ntjj . ^JaaI L ^_u L^_a j^oxu I 

ft 

(jLi ^Ul jO^aJI ^J^-A-aj JjVl o^LaJJ L-AoJoj < 6 ^_a ^.*i mi) 4-%. Lxn ^lc. 4-a.Laj 

in^ ^A | < du L 6 L~% > I ^Aj 4 -OJIj 4—Cj <h i LiJ-iaj-o ^J_Lj Jj_i j « at | 


jfc * A > « 


i 4 jj^j L- 2 k 6jA i-illnn t l-A j I JjLq ^A 4jo Ij 4c.^-uui I olio 1 ^j'V 6 1 ^~1 1 

4 A I ^ < I tt j ^A OJ J-u a j j^> AII VI 4-jj J d^A ^ji-A ^j-oSa-II ^jj^jJI ^jjjLaI 1 a * L j 

^ I fjjSjll JJJlII 4 aj.m 2a La JA jJxL 4 jjuJ I jIjAaj 4 i‘i L J$ 4a j «v~ .^u-t > 
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. f 0 

— I ^yC. j-ft-flJ i J-*J j tfj C .'X I J- 2 k^ tlA^* — Liu <I*AI Jj-t^J I I jji . n • • ^ic 

■ JS 5 J-0 <0 I Jj J ^ 

O^J jjii-fl. n 1 ^aaII irwUlJI JajLuu I i*vA 

p U1*H £/-£■ I ptxflj < <jji a 4—i411 aI^^VI Iru^vj (jL^ (^jJI jj-ij-ojJI Jljl <illj JjlA 

p p 

^1 ^ula. y ^-4 *L=*j) ^fic. Ca-'Ij-aJI <ji <> 

^jjz <j| pI—cJjlJ 1 Jj J_*J I J fl j Jt j 9 . ^jo jV I ^Jo-uu ^j-Lc (J-oLa-LI l jS t- a*T. “X" 

<-flL£ j-JUi-^i l^ilI ^ya ^ is* i L^_» I ^ jJUoj f O-aL=k J ij* ~ 1 I 

0 _ 

A J Aui J1 La-J jjj J>"u J ^J >1 M.fl jU J ^ i j . 4t-uirJ I OjjJtl I Ij £j La-u^aJ I 

JLxj^I ^\ t -xi-n ciUj JjLj J>aJI t ^.1h,a-ij . jjj^a <j}Li JPjjj La fjj ^llI 

^ j 

^iJ i V jLIj <j| (jAju 08J-UJ LuSJj I L^JjLLxa (j-lj 4-JJUjxiII p LjjiJI <Jj-j-Ojj I <jL^la 

. ^J-A j J d U l fll ^lc. Sjjill 6 JJJJ^AL 

^JJ| (£j2 j.u^ J>aj Jj V <G| (>» 0 ^ ' tyA 

JjjLjQJ (Jp l-l A i-» SjJLil Jjl jJil . A til 1 ^ .-.X* 1 ) ^JLJjJI UJ <_jaiLl*jLS 

6 I 6 j-A IjQ t t jL ’-x jJ . 1 ^jA.. a t I JaA fit ^iJI iiLuull ^UUjJ u* juLjjj 

S oli^UJI ^j-o I 4-»l jl 4 IjU S oljJLl iiA-Ujilll <iiUJI ^Jja 

J 1J > » ajj jjL^ jil 4 dJ j <J-lLlj A il« t J—uj < <jLahVI dll a > u 

- tat . oijJL <j L l\ 1 1 6J^j L^Iaju IjU 4-iij > I JjjJ < 4-ujUJI Jajlj v, AjlS j 4 .4 tfl t 

Cu .a O^Jj 4 f IJLA 1 u LijujjjJI j4.Xu JJUl LaJjJI jjiVI 1 * *■ I 

, 1 ^Ui JjuJL £i nAJ ipjLJI ^jJ Jljrh. V <jU f JjLlUI <JUjJs 


: j in > 1 

A-u-u La_a j 1 ^v*il I (j\ At 1 1 A) j <il.i. ul , I i auj^f u»JLauJI >_>i ullu 

^jJI 6j_SiIIj { (^AJuuLaJI A h*C Li J^-la 6 ^aJI d j_A u-uiLaxi I < L j J.a j^a 

jl Jii I ^ al f . jiUj ^ylll L^i^i 5jj_=kjil ^.LujjlVI ^jic <jAjVJ 

LlKa ^vj t <J L^-i ^ SjSJ I ^^uAjJ ^>-3jV I I cu tiJ ^ ^ IJ^A . UJjJ I 

LoK <j) At t <1 ^yckji I t_jj-=k jlj ciLal^oJI ( - ^ £> j*** 1 A' 

(jK-o ^jA j»-j-u^JI Ij-^J A JuuuILl i. e_A^_*_u j-oVl 4 < j j »l I jlj * U i 5L ll Cj JI j 

fj^i 4<t gCJ I (ju t i <1 j\ i ii r kiI ^yA jXjC^JI < j.Atll ^Jn *m ^JjLA • tA* v — 


id 




< j a flJI 4 tlS <ii < i.i j-»h *Jil uj 6j-U ^oj jlIi <—S|J—i-u 4i Li « CjL al^-aJI JJ-e 

uji • c>jVl o* I j I jjLa i Ji1 j-ail I 4-tiS oi IS Uj . JJa f <jjj ^JLJLj 

. j I jU I (jiiin Ji I (jjSu a Lui"7 I {j I jj I 

It > 

^Je i.nWI U iA ji a < >L*_a jl il.ofI SjSUI 6 j_a J-Uj 

t tilJj ^^i ilLx» ^j| iilliA <jSj ^Jj - LLaf, (jjjJI (j-fl j j« *ill I«1 a J-Aj-Jjj < j-a-fiJI ^a U i.ii 

6 J-A <n irt VjJj i j a all LAj I .< u.a j_U (ju Ijil Q«-»A.^ ji L$_j I j <ju 1 i^fll I 4-iSjj Li 

. LfflOfl o 1 1 o j LL j^iljUl 


(jjjLi <n .O ^JJ tiLS_JxjJI 4u^j_a Cj Luj L aAi 1 Cjju-u ji fl liilJ 
V I J*I ni i j J I i-g-a die <j I I ^Ij cj-A j ji-fl c c^i I Jj Lujl La a Lu J O-l jjuij 

jJjI L)Sa* (jr J-u ^ x ^ £-uj-iII jjjjLi (je i j iA IJj. a n. (j|j i LaLaj I a 

Sjj i i L=k-=>» lj (j>j LU I I jjb IS jJj < o Li LJL I cj Luicw ^^8 J twA (jjd ^ uu^lj 

j A X . ^ple 0-> LS djLVI 6 J-A (jl ^A tl J i )j . i__jS(jSJI CjIjI ulc cj Li u. "v 4 i , A j ^ 

j>-a jiSl Ji iuiUil j'j 'i Jjj-jLi (jj-i ^ t^iAll li-A JS u wm 4 j | ^Je i^jaiLuiI 

• J JJlLq <_i dl]j I jiJ i JjLfl 

e-fljuui ^ ji lj i-u»i Lilli I Cu Lj ^ j .uuaj-a j-a^LI Iflia jk II (j I j>S a a ^ll I L Ij^J I 
4j-o ^.Ij—^ JS (J-Lc, jJ_UI Li ^L a « - > ^__ujLaJI CjjLS IjLfl i i Jj_a^jll 4 win* \ 
j> *uj_ Tk lI <IlS ujjuuaJ Lfjl-, ii(jS-oj La jiuuL^ (j-L- ^ tKII c-j J nJ 1 5^5 j^LuuxV! 
fl jj (J^ ‘OjjLzk (j_o 4uuJjLaj Lae jjJU ^ jJ I CuLJl j IJ jl 1 I jjfc 

j* Lh3^* AjJu-^j JLi-j j-Alio-o J.^I jjl . jVlj jv auaJI ^ilmil ^jj-o ^Je 0jLi!l 

(_jii <wt JI <JjS <JLaS^ < ili~v 0 CiLil i ii a j <iiLLa <JjS J-obcLi <j| ^il (j-a Lo 

OjLj (j Li t I jJLajLSi I (j-a Ljaia jA-*- J| aAj <jL» <i lino ^Je (j^ajV I ^-a > J L^j 

OjLjJI Ij-A ^je iijjJ_aJL ^ flj ^»J jjjj-jj ^_Le . Jlj_~k.VI <_flLS 4jlj j_A um LiilJ 
iljlll Cuu ^i-L La ^-Aj n_ji ui ll ^jJjJo (je ^juuajjoll ^u-ojC jjLS jl t <iJ^a ftjuJuLta 


Pierre j^-^j j-a ^j-umji ^JLe ^li j_tie j>-aLHI (j^jUl jj-a cjLjjj^LJI ^j 

oLuLill jjSJj <Jj-^ j^JI <Jij ejlj^jl (juLiS (je (jAjVl <iljS ^juLaLj Bouguer 

<j-a ^le <jLa ^Jl^-a. Jaj < jjj-U I (jhAj j>a O Lii-SuuijJ I J^Li. OJj-2^1 I iLn. <, fl> jjJI 

Henry Cavendish (jiujliLS ^j]ui ^Lkj^JI pLj-»iJI ^JLe 4_» ^.Li « I >. u^j .H 

• ^LajI (j-o I l ni-^ J ^jSI (jlS ^jjl 
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4jLx^ J^La* J ‘ Jj-aj jl^JaVI e_UjX. LLjjjl ^jTi ij'iflL^ jtS 

aJla a ji3—oJ ^.ujj <JLc 1 Ul ^Li jL£ j_ij . (LoLc. jGLuj < * W4i jx. \A\ • ^Lc. 


(JajJI I LS1 j-o ^ Lij J-xj L^p5La ^ jJ (j < LaJ I I p I Jjj <j IJS «^u. a u t i_£jj-UJ I 
<iLflj J-a lA^ Ou ^-1 a1«1I <LflIjjl ‘Li-uljJjJ . 6 jj 1 ^Jji 4_JI . 

. <j_i^SJI *LojLiJJ dllj J-a <alu J-o p I A if. L 4 -J j*l5 r e- L»I ^_a CjLxjU jiLi <j| I 
jjj_a Jji James Maxwell jJLJI ‘GLxjI ^-JGj j 

6 Lla ‘1 <_ujLaJI l_si £>l_xol jl . N AV^ j*Lc. ‘Jljj « juijiiLS 

4JVC La ^jh ^ju LujVI jL£ t <L-fl ja J( rtf I . \ V^A ^lc t ^r. 1 i\_fl LS 

J-a <L» LuiA a > {_£ ji 1^ < ‘t.u j LJI OjLoJ 6 jJj Uo djLiil JjJ f ti^jV I S^Al I <i 1 

< O-i lil I I j_A 1 _) Lua-J 4 _lJj_«^LJ ( 4JL)^JaJ I La j 1 xiC I j^j-u La s _^-Aj < O L-u 1 .1 Si I oLtj Lxj 

. o^Li.utllI j* (J>lalL < ^j-Jl 1 <ji ilo (Jljp V 

1 ^ torsion balance ^JJ) t ^ ^a^J, L^ f ^ j *v~u-u 11 ^ l ^-JI * > 

< Jj-UJ Ja (JJa Jxj <_> jj-fillu i j_uj I J-t. 7." A j ^ I I <UiAwaj 

cJJjJ .via L^ ^ J m I j Ox. ij^lfljjj <JnA ^ i a is\~±\a a 


^fjlj (_r* i _y^L^= i jl I L^- >^ u^A Cl * j< O J 1 (l^=*L- 1 - 0 ^>11 

JjljjJ A J. 1 >^J IJ 6jj» «<^>ll oi^A^^ <1/-^ iwJ J t ^ "J 1 5^_fl dtL "k. I <U1 A A ftjl ^j-o 
^OxL»_u 1^5 t Li 1^11 Uaj tA- (j fJj^l 1 lj tjlu jifl L$ Li J-iJ . LxA-flJ I 

s^jj i ^,lA> I jij * <*jz £j<jj {j^ dij 

<—i J - -J t ji5 6j_o I A^ajLuoil ol^^ll ^jVl <-ujL=w 

T£ \ oil^i t^ajVl i^jLuuja. ^Jl jHiij^_ jLuJI 6Oh <jjLfl-ajj ■ 6 ^)\ i^JI 
jji e. fl > ,n \ j O IJ-O (^lAA 1.^ Ifl L7\J ( Ul jx».jl ^ ^ f jiua <JL_JjL» I C-jua 

^j La t izw I ill L ^aaJ I <jj Li a <J Lx I U.tA^l Lj < 4 "flj« a j \j \ La ^.aj < pill ci L^ 
< Inunj *k.“i jjl-i ( Lj»_»i tjfi-ij <]jbuLI I ^Jc . oLuLiill 6 j-A ^ ^JtL v_j jLx_JI ojL 

4_ul__<u 6 j L u I 4-X-XJ-U ^k-ij UlA* J-i-X. ) A N • xV ^ ojLUI Lo-lj ji 

. 4_U L < ^k-A u c ^ '■v. ! 4_»Jil I o 1 L ^jLlui;; ! 

cAj ' jU-^ cA- <^ i U ^ C^>-^e U f JA C^J^I ^Lc. ijLa Oj-oj 

^jLiua-UJ . jJl ^Jl 6 J.a’i.t.ll <-a_JLflJJ p LaJjJI j^~ f_ ^ojjLiII Jj_fiJI J-a O( n< i u~ilI 

6jUI 4_« a i U oj1 a a a ^LuaVI <Lfll^l 4 ixtulL < <lJUI ^ i> a i o_iL j 4j| ^JjVI 
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3 jjL i ji I j a i_iA^V I jJ-aU11 La-i ^-A Llo-u t a 5 C . U j_i a !L « L^la 4 jj^1I 

<J_ilaII VI uJ^j 33-1* 'H ^jl ■ UL>^^ p la.jI iiLJ jkLc 4 jjJL aJJ £-Ujdl 
3 -o Cilia 6 J_Cj jllal 6 JC jjj £SjdLua jLul <jj j laJ I ^LU <-jjLalll 3 ° 
6 jjj * Aj Jj* itill ^-L*J (5J-1I 4 -^a. 3 -°J — eJjLadl 6J-A Ji-a pl<j jt £ 3 —jLi-aVl 

j fI <jLiJI cjLaL-uII (£j~ i..1 a ^^Ic. jLmj <j| oli j -5 ^jj-u 3?jLi ^lj La_a /did 

6 iA CjJ l5ij . dl jj I 1 a (jO £_flLl ^ll I o LI a n l I j Loj Jj V I 4j Ixl lj 

. lid L^-i^)Sj 3d 1 SjliVI c* * 4i “** ^dl s^Adl ^ 


OUj-al I c_ijUHtl 3-° 1h>-U La (-La, JLlA 31 dUI g-Jj J-5j 


6 j_A ^_fl j -i all I OuLLqj ^a. --w 1 \ 11 3 *° 4 flh la 3 Lax.) 3^ ^Leua.1 3jjd 3f^dl 1i il l 
La Lm 4 ‘ '»* I « A i_.Aj V I £>_^U I C L1 LS . ^<a^)V I w-L«'■ (j£> a. ■'. -v 11 Jjlai I LaJ5C ^ULflJ I 
LiixlI Ol a 'LI | ■ j laJI jl jl < 1 Oul£ 3 Ll\ 4 jj jLaJ I 6^_fl O-*ISLI 

. 4ah.ll I ^LculVI ^jic. ^ i u-dI jjj j-uij iiJa. Uj t oLaUJVI 4iK LjIjla 


p 

6 1a p Lj I (^ajSU ^-a.^IjJLaJ I (Jlsdid I la. | 3-° Jj V 4j I ^A 1 i,IaC. J LaJ I 31 
L^J < ah.ll I jj 1 «^ILa \ 1 g a U14i ^Jc ^ia jl ^>ljVI 3 Lar l ^_a p Ij-mj i oLuiLLall 
oL aL aJiV I ^_fl c^j-all £-a JjLui V Lo 6 LaJj I ^_fl all Jjta-J Lo-a £ 4 ah 1 a oLflll^ 
^Jc 4 j I OJl -i-5 LJIj “i .i i <1-1 jva . x a ^a Cu^j-al I Q Lem Li fll I . ^^_a.V I 

O-iLi jljl a 33 ‘ 3 °Loj ( fl-iQJ UJ- 4 ^ CxJ^ 3^ jLlaVl 3-° oll-o 6JX. 4_aL eu -a 

.liHL j I Ifl A.I 4 i oL«LliJI J_aLtll ^uLLl ^jJI 3^ 1111 4jJjLaJI 

4ah In oLtLajjl ^Jc. I t A» (j c 3 A d l UajaA Cxi^a. I I oLtoiLdl 3“° I*Aj ^ J 
CT^l LAj^3 j^ -d I 1J j*-fl J (^Ul J-^VI « dj^ 41JI 61 a l*\J p L^_j| < I ^dsuoj 3a 

LaJjj (Jj < ^6 jl j A a <jjjl_a^ 6 JjLLa 6^1 Jlaj < ^ ^ 4 -iui aLl 63-i jLa_j_cVI 

t j -k .ilI i>j-a]l J u fl 3 a jL£aV) 6 iA OjL^ 3 ^J ■ 3 A1) 4 —eujL*-u 6^5 J_ajj 
L4J 4 i 4 .A A La (jAt 1 11 1 ^ 1 1 1 ^jJ I ^-A IjLl | 4 _fl \S 3 1 * A*i I j < 3^ ^ L 3 ^ 3 -*J tld 
(JjL all) ^j-JLC ^jj^-jJI jLlIcVI J-lI Ijl t L^jlj 4-jj^Jcu 3a ^LujI ^Jc, ojl—iLu 
4 m/ilLi_fl . oULOJI p Ij_a| 3 ISLoj 4-Ls-LaJ, I ^jAV I «Lxa.jjj 1 I oL-j-u^dIj jjl .^>(t 


4 j j» lll 6jillj t L y uJa li * -qj^Ulj « 4_ujL=JI * I <jLuioll f ^A I 

JaLiill ja A4il l 3 jVI * C^jdl jjJ (_$J i.M 11 3^ oL^jAVI (jLij_5JI (Ja-Aj I &J 1 1 <jjL^i]l 

. ^a.j!lll \xi La jJ ji Lilli Jjuq a (jll I J^lj CjUlutaJI iaj I jj jc, <Jj u , J. I ^ IjuiV I 
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JjLfl i^.ni ti I JLLI J i i.i u ^Jc. LaJ I CiUuLa LgOC O < <cu ^ I t A lj_i* il 

La < jfc^.i 11 (j-o O1 jli-aj 14 j^C Xxj ^Jc. Lj ^ I J^Llll (j-o 4 -CjaaI 4_ujLaJI 

. oLuLaJI bSA <ij 

^.t-t-ulxo jj t ^jA I 4_fl *w jj-o 4 la If. a d_J Lfl JAa JJ 4 i^ix LaJI dj-JI J iA-*i (jSJj 
Jfl a ^yA Jjj Lj * oLajUllf ^yA ^jUJI t ii/atH 4flufl Jl L_jjLa.ilI {ja JjjII Jja? 

# j 

OjL^j . 4-fli 4oll JjJ all illij (Jj-o ejjLaJlJI JjjSJ a j-$_aV I <LSj (jf jh a l\ jjLa 
£_UjJI {jjjli 4 a i /*>j 4_ujLaJI CuLt CjLu ^ J_aa jJ^I 4 aj Jj 4-fl jJl! I ^_A 4_ul^_lil 4 a uill 

l,u ^a ^rJrx* u 4jjA_i ^jja if Lu-LujI ^L plii <iill 4_fl ^xula ^ * u^jlI I 

4jujLa-U ijjjLS 4-uajA.fj (JLa ^ It j IojI . ^^Iflll ^gjTi t At 11 ^Jc. ^jaI ^Jl 

. 4jluAj Jjjj-ill £tlij a jJj-AJ 

J_LjJU ^ kfl.lL jlS jifl < 4jJ ^jujaJI JJJ I JAJU (jja ^J.^11 ^Jc 

<ilAJ (^J|j * Jj l_AJ | ^fl LS jaVI ^J-LaJL-11 <1*£- Jj| £i_LAJ ( 4j_ulj_fl 4x-0J-aJLJ 

Uj 1 < <i ji jt J-LAJ JI LIj-o ^j-o 4 -LLL La ^Jc. > >1 6 jJ-uX.fi < jx jJiAi oLftXmA 

£yA 6 jiL L_l A H 1 J 4j| jJ A A~U j I LIq ( CjLujJjJIj o IjJ ituJl Lf_fl IjAA I jjk£. 

j U"t J-J ( 4jjA_cV I 6 j-A (j-^- J-JLu AJ ^J-Lc. l£ • 4 _j_jjLaJL <:j. 4 Al I j_lLj 6 jSLfl 

^ J ( ^jAA_JlI I juflj Jj i/a 1 (j'A l Lu lUAJjJ i jaIu JJLI jaI ^jjJ 

. pIj^uJI ^jaJI 6jli f John Michell A o>^ ' 


: ^ ut q u.JI |Ql Vul U ^jC 

<?j *All jjl ^Jh <4_ujLaJl ^jjjLjfl c_uIaj t !j_A ^fl <_»jjaJLI SjSJI 

fjLaII 4 _Cjj-u ( jxj Lfl I jjju UI c.11 f.V LiUjI ( fl a \ l j-J^I J-®J « & J J a o 4 x.j_j_u 

$ 

« LxjjuajjJ I j-Jjj JjJl JjlJ Li JJ 

^JLaJI 4 .t**i i ii IjJ (jxuX £_j L_J I ^jill plat lj all qLLluJI O-IjaI jJ 

< ^jjjjjL j-uDj_a Jflju i j^Lc. Jj ^Jl Ole Romer j-ajj Jjl 

Cuts (jJlj * (£j *t i al I jLaJSI 4-j-uIjJj ^j fl * J-OJJ ^LS < ^jaI ^ 1 u«J. I 4_iL-A^ L 

^inn <till ^LLJI 1 jA i.a a LLLj jj-axj L^jjSJ <*a!a <Loj ^LuLaI Jjuiu 

6j3^aJI ) J[>-^ jJ-U jLa^Vl 6 „\Q fl . j-LSkj ^jtfc*S 4 fl. oj ^-Jl 
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jJ^il ^JUajVI ^£LLsdl jJb j_^( j>L£j 'L > ikti ul>^ L^j ju^-* 

^ OuujVlj OuljJI ^jL ^l ^jJI Giovanni Cassini 

LLIj-o JjjS-J j*S t J_iJ_^JI J^r>jJ>l I jjfc ^Jc jij^yi jjiJ \"m ^i 

ft t 

6^-^-a.l ^A a“> I «*J r IjJhLa L_fll J-O Jjl^ cA^ (jJf < Ln m l J-fAJJ I j i-OJ j-fl 

( ^jjjuJII oLaLJI jiLtaj ^i Lifli I S^aJI \*\Vo ^lc i-.qmiTnI jij < dI jj I i^ jJI 

iJjLi ^(j3j * (J-aJj jLaJll 4_xfl l^>-a CajI^ <jLoJbLuj*a j*^A| Jjl ^Jt. 4 *u oL t—flj-*-» 

SJjJ^j La_A Jj}Lq-JlII JjljJh Jjl^J * ^JH a itJlj ^>AjV I JjO 4il cu A l l (Jj fl .« - o u Lma 

. fLj^ i^ll 4j.,. uLa. ^ 

ja^. i <uL( j( a a i <j *. fl imaoj ^ji I ^LkiiVI Sjlisl (jbj-i^f^ j-A I .i» 11 i j^-o 

£_coj_i ^ii mLS ^Lfi (—fcJLtaJI jjL-JU Jjl Jx_fl ^la.j < cx^jSLII lj-A JJa J^Jalxa ( J 'vji 
La J aJi j aa \1\ • ^ lc. ^LJ La. Ifl I ^iJ I — <jujV I jLaiV I « aj . ..^- Cu-fl lj}-l Jj I Jja 

jILuujJISj Ganymede ..u^ ^Laj Europa Ljjlj lo jj - u Sli Jjl 

l£ r L5 jl , 




IjUgaII j_ j.r 1^1 | Jj 1 j_ a11 <dJj o-»LS • Callisto 

£> * 

, 4jJ(j oljXftJ olxfljj J nt ~ J>a 4 * La-o f l/^L^ LaJjaUxjtui 


jA-aj < oLjLfl>dl i i ^> 11 J-ir. I^jJL <ju_ftla CjU^Llskl la^V J-*3J O ^ 

L5jL_u ^j.Kj a(1 < 4-i^.ocij Lai toil J-^wj < j-oaJI ^j-lx. 

< t il ( J_j.fi L^J juajfi c-’jJjJ 6 La-i I %"io ^«ajVl Lu^J J/Ja <j ^aLaJI Jj-iaJ I 

4 *Cj -v tA AjV I lA 2 * 4iaVj < ^^ouutJ I J^a ixa.LJI (JaJlj JjLkfkjSJI) 

d)-a jAaLlilfi jAju^alj JjuI ^Jl 

^Jc v 5 JjllL ^5-5 j Jj I ^ajj JjliaL JjK J-lfl < cdlj > T i i i-u <i^*-a Jjj-U ^Laj 

cjB j i < i a . JjjSj JjIj l oIj f^Lc Jj^ t i au * 1 ^ fl iti^^l I iaLojVl ^juLojI 

Jj£. ^ Uj jljifij ft ^ 6 jLxj-a ^ jJ 1 j a si I 

Jj f Jj (jjj 6^^-aj ijfa-A J 1 • (J-*-dL j ^ La-i Lo >a ^-Aj * i^l^JI OLLi uaJJ LLlIo 

. o^jSU p^aa! I 4 aisLQj ^jll oSyi ^>A c-ajluJI 


UjLu ^-i Aaj j^jAajVl Cu IS <—ij i a a t I 4-jLildui.il 

ila da Jjt^ Jjjj < JjL-JI c-flj JU*"J I ijJ-a 4jti fi J^aj t JjC. AJAju a 

(jiLflJ Lu £. <LaLa( JjL$ *iUj aAII Jjlj foLiLtujaJI i Q » L 


• ^ ^jVi v j< , »n ii 
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UVYfL^ 


^ jux aj uA I j>UaJ1 4 _mjI^jJ ix 4 ol^ CiLaJb[i.u^a I ^15 a 


4_L_-0j L&A-U t ^jli j3kj_a-JI yd 4 ifllx jxLol jc-i^ll ^ iA_^a <JflJj ^ 1 1 1 <■ ! ^ . . a I j 

^JL^tiJI '^JaLiJl , Cayenne oul^ ^ Jean Richer jLi^j (j^y 

J-d j-fl jJjuJaJ yd jliLxl I (^a! oLmLi^flJl 6J-A yd . xJI tSu^oI ^yd ^Q j < 1.1 1 

t_ aV 1 $j tii c. JL^iaj j-Iaj <jj-cL5 ^AJ Ij <_a 1 aJj I <jL*JI iJill ^^Jc. oLiClII < am m a 

J_*j ^J| ^ . ‘u -i 4i t£ ell j . jtj^JLI J-lc 4_4 -u|j^ < £/jIS ^jujjL yd y±-d jIa*C 

L 4 1 Q Loj < j-X V I I Cj Lfi I—t it-JS t 1 1 i.a-a. yd y\^j 4jLflj * ya jV I (j-C I 

■ U^jJ J C>*JJ Oy^ Lo.l x .AiiA fl < y^d.Jill yC. yd jV I 

A J_x^]Li I K—Ay-JLA jl I yj yi*d itilI yC. ^AjV I ,\ * 1 1 \ joLS yi Jl-Aj y L^ j 

IJ-J ^£ 1 1 A fl . A j ^jfl X~i i 1 liu^i ^ J | < O [t^J 1 yd Ljj_a1a \X A ^ 4 t*\ ffll I 

^j^J-Lo Y£ LftjJ_i 4 ulL jIaXj < Cj \y^jL<3 I 4_uLaJu 4 fll i ■ ■ 1 1 6 Juft j JJJ 

iyQj) • ^ • Aj.i.0 L*JL I Cj Li L ha 11 LS-iia Lftj I j L&j_u < cj 1 ^ ^^loSLI I 

^J-L.i.*«l I J ^-0 g Jiz J 1 4»lzuj ' ^ij A_l.,tJ I Cj La 1..J.IJ 1 ^j-J_l_iajL^ j-iJAj 

jj-fl Lft J^jl (p^ J ^a ll 4_C^_ou <_ U< I "k < j^Lc u-flj. J AlA Jj-o Aj J-5 ^jll 

^jiUI f -0 j^®Jj O L t j. XL -% . llaJAlijj I Llj I ^Jj . 4 _uUa] I Wo* * * 

^JLJI I V^A- • • 4_fu_fl ^ ]l LLo^J ^ixki.tJl jt 'i* *1 ^JL^JI 

. 4jjLjJ I jj-fl ^Lo^JLjS 1 _fii I X * * f AjJ^lZJI I 4 Alfll I ^J| 4oj^51j ^jiu ^ jllj f W^VW Jjb 

4 La xI ^ fljfl~fcl 1 {JJ I jjli < ydjj Cj L t 1 »i-y 1 ^ k c» A*w<x 1 I ^LSjVl CuL^ Lx^.aj 
i I'/jLLu V 4 -_ljj a . o ) 1 CjijLujVl jj (j < <11 flUiV ^i-i_Tk 1 cj) ‘^11 | jL^Jcal 

j t II dJj pi aIc . yo Jj J A Jl y I 4-^jjJ dl jj] Lk-aljJ Ij-A ' ^Li^-flJI j-LC 

j^Lc. J)_J-il .ydjj A Lflj J-t-i V| ^LftJI ^UIjjVL -U^fc-j t 4jL> Jjk^dl 

yu I — i— flit James Bradly ^JjI^j yu d \ «-!«*- tV I (at! NVV• t N V N • 

. ^Vl I j-ft JJj _1JLj cl* U .U JL-^-O JJU j LjJ^L uu I l ft J"kJ « 11 d P^jlAII \c.yjj 


^JLft A Lflj Jaj a .<Jl I ^jU^^j-aII Ju.^ a j^aJJ y*±J* elJlj > -* s~t I ^jJI) I^J JLxj J_5^j 

Gamma L^Lux ^^ -aJI yd ^jLUI cj, 11 y»^ Ca^ ^jI 

f j ija fl i <el> ^Jc. J. Ia*^-J ^.Al a jjjj 4_ilc L£ j i n 1 1 iij Draconis 

(]/-J JCJXjLaJ ^X.ll I 3^ L-oS J-oVl I Jj . (_>ujLa ilc JjAXJ (jjll 
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ilI ^ un Lc t aberration" SjJbLla f^fAj * ^ 1^-11 

i_ij}*^.1.1.1 FiLI 6jlj^L_fl i p I i A fill jV) ^ L^-*J A^-AUoJI 6J-A JfiJj 

p p 

5_uLill {_yA u«<a Ip^_^. ^Xu (£ j-ljj < 30^ Al l ^ I a i ul l 4j$JJa-o 

t S^aLXJI 6 j-A t>. £jA yillj ill <jjljll VI o«Li ■ (Y - \ Jii) 

3* 1 (jS-* l « 4_1 a_l-lAJI 4-^.1 jV I 6 JLA ^yj LlJljj , 4_xjIj Y • 6jI *\ 5 A ^X. Jjj- 4 V ^y-Aj 
* jjijj j' Afli ^yCt <jLill 4_u^S 4 Aia (j<xqjL^ Y • AY • • (_ALi I l^jiLo p^-x^J I 4jC.j-uj ^jxi LS 

jyic. -o ^ L5 <illj , P^_Ajl 4 -X^-lu 4-1 Jji.-k n I £ LiijlLJ 4_i_fi L^j 

i pj) 4.r>l I Jj£- 4 a aj < 4-jjjL^U 4 a A A /ul I a Q11 ^^iaj fl"> jui I 


4^j_^. ^_jjp AI 4-ujLaJJ A 1 *- ^c_ iLux^J <p^-<-*aJ! 4jCJ i iJ JXj 



6j - i- i- fa a 4 jjI^j 4^-ijj^-i twLA-i ■ .j*\.,,h 1 ( ^Li ^A jV I 4^j^w *_t« ^ Y — \ 

‘ (i) J-* ^fljS'kl l ^jj 4- ^A lj 5jj-*-«a L# Jc. J^ua-aJl 

^yfi L$Ao SjLLL^iVI Lf-uic ,3^ S^JbLt ^-Aj , (cj) ^xA^ll ^yfl J-Lu 

. FJjill f 4 c^uj j^u Ll£ 
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: f Iui 1| ujg fl.iJl jIjj 

dllj *<LuL-c»-fl <jS^q j^LUI 4 tlrtf 6JJhl -i-la <J jc-ul (jt i,u"il tjjj_i 

U* j-ij-ctA-o jlj-o £-dj 4 i l l ft jj jjLaJI . I ^ a I) (£j-a #jLfl-tJI 4jiLi ^jJc 

<JJ j L=k 4id tfl Jj-o 4_i_fc£ p L-JjV I jJj/X-J jli I Jfl %1 ^-aV I £* Ll% jj . I ^ I .Aflf I 
Jj-A (J-ll-A ll J-G I ^jlil I ^-L3> Lj-fl 1 J;, a 5\ f ^ I ii.Ai gjl ^ LLll—J I ^fil jlLillJ jVI 
jJJ. h'v'lJ 4-Lj^ia JiAfllj . 4 _l^,jLUI u^ljlil (*JJ* 6 j-XCJ jtill oLo^kll 

I4-I jlilu 1 jkjl y-kll i^jVl <_Cj-i-iJI <jLu ^j-A 4 _ujLaJI L>a jj J I ^Ijlki I jaJ I 
(u>SJI 4 ^ ^ j-*j) < L 4I0 d Lf SJ -v 

4_C^-Ui 1 ^-ijf. (jJL-l < <J_U j Lx ^-lc. i_tijLj I ^Jj\ A I ^SU L$_J I I uXJ 4^.^X <£.j-LU 

6 1 a ^ jjJI it&JU ,a j_=JI <ili£ ^-L <£.61 a jaIuj escape velocity" ^j^JI 
l_j I (j-u-U V ^ I ^_yc <Lii LuU JJH I ^ IsjuJ I < Lgla ^Jill ^l-'X *xJ I 6 J (jj * ^C-^-*.uJ I 

llki in 111 J)1 a t ^4_fl Li-tl I I . , ,.<r j t 4liH I £_a Lj^Ja . n 1 ill 4_ n j I ~>J 1 

t I ^Lc.^y-u tljAiiJ 4 < 1& \ I £-a i ft I {j^ SLfcl Lja.i.u A^jLi ^<ajV I 

4J-0 j_L^J Lul jl iJ-iLill * 3-f 1 ^^ l. fl ~k U <-u ^jlc, 4-UjLaJl \ * «i ^u.-k 

I—^ la k. | ljj^JI ^-fc j -*.xi JjLxj <Ltl^J I 6 jLj jLi < ^jl ti Jll jl jufl gJL£ ^ajVl 

# x 

« SjL^JI 6lA Lo jJ_L ^U fl f t ^—oLc ^"}j Luuj ^_2k_aJI j d^(j ' 

. ^ rxfl t il jajGj 6 JL^J I £/u j^l ^-A <1,KII 4l«^"kl I 


uJlj La-K 4 -C.j-j-li ctjji 1 vt.t_i ^.i 4-i->I 4 A fill oL^j-aii ^^UaV I ^JjLujj j% a «^>*ij 

4. 1 i-4 i<j ‘6^->-X< Lua 3~^ u ^ 1>1^ ^ 0^3 4 ^ ^ lx.Libjl 

J - i l> ^ eUl t • (^jl i-U *i icj-xjj L fl-U.Ua'l cjlAAJ Aj .lU l ^yc Lu^3 fj\ J-fljil 

4-C.^-mj ofti - 4 ^ 0 jV I £yja r 6 yLx 1^11 <LuUI 1^1 a^ ^ jl < 4-C Lt-oJ I 

L) ■ Aj-a 4_^»jSU JjJLjJ t < XI 1 jSU ^/-*-a ^Jl Ljuji dlJj ^jC. ^ j-ucJ I 

« L i Mu t i J i jx 11 Lfltju-u (jL < 'JL^J I *L W >- UU L>a j I ^gjLxii <£.^JU_U IfjLuI ^ I JoC 

3 31 U^J^* ^jLa- jj^-jJI JJLJ a\LU 1 1 Jj^l^lxu Jj < ulflj-u ^1 4-flj jll I ( jSJj 


j5j <5j^iLj-a ^j-QjVI ^Jcu-w jjJa <l^u jjg <r.j_L*i ^i.u\ 0 lUj lilfti* >,t« «4^II ^ya 

a 4_c_^*i o5kjJ,l jjJaXJ jjJjVl <Ixj-lLi < 1 ijA J.l.*'i u^LuiLj < X i t t.ll 6 j_* d 

4_(J4^JI ^ 1 ok 11 i-j idU*X 1 <JUI <U jl I iaXflj f I HMD jjJI <a^JI A J-6 6 <JJ UI <U^11 

. ^jill 
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t 4£.LuuJI j * IAo V ■ ja£ 1] < i 1 ^Cji-u ^Jxij . j^ I ^_1J JLk 4 . < A 1 fi (^ J 

. (! 4-ljli]) ^ jlajl£ *\ * ^a J-JjL jj£]) <£.LJI jlojLS Jl XX * ^j-u 7 i aU j 

UJ^JI <il jj_u l —? ^uAuJI Ui « I ilflj.'lflt iXtAJ <jl 1 *»^ sf ji IjLo 

oV Ij^k t±j£u JSj ^- LA -^ CxjuuI 4c.jj_u « <£.Lt-ull jILajJjS <jlj^ - La Jj-ia. 

4-c^ 3_a iiUL X j£- i Lr fi ^j-A.] 4-f^ 3^° U^b 4 Lfla *J~* 

V Ij jit-a *lj I <_u j L=k j- 0 jj -% -JI 5J£jJu-a pj-a a ) I A yj Jjl I JJj * I 

. pI. Afllf 

uLluc <<J jj-i-OJ j_A pjaAU j t jjlC. 3*aLII ijj-ftJI ^ c- L a ]t il j j » A i 3^J 

^LlL cjjj <jLjuj < 4j_ijL*JL IjjLLo Ji.ltJ Jl LifljJ-i lj-aI < 4 jJj-^-q 3"° *t *A*±* 
^vj -k ill ^j-ij-aAJI ^ 1 jutV I ^Jc u_)jj_^JI <x.j-tu jJjG uJ A j 3 L? < ^ 1 aal. 1 

31 <L2 k jj] , ^jtA fc7ill 3-° LflUlA jJl^I J-A La AjaJl ^j-a iJlaJb ^j| j-aj-A-J . ^ - a I al A) 
ic-j-uu Jj-a j ifi | 41 AJjIa ^j-a «_jjj_^JI 4 _C.j_xjj jj^J ij.>l rwi 4_aJa_*-u ^Jc 4-i-JjLaJ I 

p 

jlalll Ij-A < p IaaJI iaJu-a ^_j-L ^-Jj-a j_i£. jj^-i c—fljj-u I 1-a. j -i <jj 4 

4 it a ^ kJI <i^Loj Qj-J 4—aoi ui. i »)J < WAV f U i_i^, J Ja. > : . “ » ! a ^Jja. 4__a jl La j-4 

. i£jai 

\Sj . ^ (j^: I 4t i^caj ^jtt i jlfll^ (^J^ jj -0 J* tr * I 0 ^ ^ X £ j* Lc. < Jj_iiiILk_a ^llj 


u ^lj-J f ^Jj jSJb (JljJ Vj < SjjJuL i_a LJL 3-1 U.WI p LqJjJ ( ^jU 6 jJJ-A j 

VJ- 1 ^* J^j *-£-* u^Lk ^>0 Jjl 3 jLS 

p 

‘ ^ * N VX • lx. 4_i*\ 11 1 4-it-o.^JJ ^Ixaj j I j5j < \ V0 0 ^Lc 4jj t >1.1 4jjJLa 

^VX£ jxLc. jJ I Jol i ti‘i 11 4^1 |xj * \ VXX j^Lc. j^Jjj-oIS 4jLaLk Ll-vj Ij i-v II jll^ul 

J j 

4-L-t fl Ij Q Li-u 1 I_a Jjl C»*i a I Al < tlllill ^kJc ol -a AI < nil Ajjd ,u,l tJI J i < tt 1 ilj 

O »ii it p i-«i i ill I ^jJ I ^j-xJ I ^ Ijj I jAl» jb ^ fjJ Ij ( jijaol I ju o I—fl Li.4i.ia U 

<ti i% t binary stars" ^jlxlJI ^ a JI UJI 4 i L. 3 LL_i La < Laja-qJ I Sj—Jj 

(J Ij-J- (j-!jV I ^ lAia 1 11 4 Lftj] Cta..Lfl LaS[ i L.i Aj |j . (jAjlJ I 1.a^ i-At i Jj^ 3 jj J-» 

. \ V^V |3lL c i 1 0 ~ia._iTi ^JJ 31 JjLfl ^JJ ^lll 4jjaGJI ^Jfcj < 4_uiLJl cut jjuLiil ^jJJI 

_ * 

4 3jj-. Lt ] I j j 1 tir. ^jjj LJI 3ujaJ I 4jLaLJ I 6 j^ I j] I 3 ^ Lj jflj Jutiiifl jvtn I ^ l.o Jlfij 

. 4jlq-A 1 <JLo£.( J^l Jilt 1 La 3 Ai ^ 11 ^ LuLLjjJI 4CjujjII 4-lAJ-a 3 ! 4_^jji 
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< ,x,A-n ra> 11 aljJS J.W ulil j ^^A * I J^JI ^j-^kjJJ jS j (Jjl Jjj jjjj 

4——a •%! I <J"k .o ^JLlll ^LjJI ^a ^.iJa j 4 N VAT c j .\.,jx.. YV <_i$LLLI 

4 4 

j-ii £l*. Jl j.Aiiu ’’Philosophical Transactions of the Royal Society” 

^Jc I (j "u l j Lk j_uLj < L^JtxSj LajIjuIj 1 piv^ 1 ■!» LTk ^j-v-i) I ^2U li^arv 

4 * 

Pj^Ail <Uau.i ^11 <jjJcuJ) <JS L uhujja jjLS . l^^>l*u«j| i jja £>JI ill I c.jj Af I 

: <Lm=u LoJ (JiiT/tia -lij c lH 3^ L^JU-Oj ^jJ I 

^jc, J£ V iiLiS L$J 4 j > iU] I ^ Ll ixA i oi^j jJ 

J J_fl 6j^o 4-j f n j.ii-^A ^jjo jA*\ ( La j LUlA lj < ^jllajlSA\ 4-i i *i 

ji <j| ^yic. i Lull J-uaj jSai V Lvj- jLi < L&^lxfl 

a-i Lilli < ^(,.. I < v lfc J1 -V a ^yjj Lujua o Iaju J1 
■ Lfk* La^uQj jx *7i,1 im j ^jl 

j-Lfl jj_fl Sj_<j <jl a j ii a ^ j jJ_u L<w^*i ,j I j-A l ili 1 1 t ?i *i t n <t^jj| La 

ic.j— ^jn a i hill iiULSk 4-Iflli£j ^4 _La < CL y 4 -u.a IJ I jk Lh.ilI j-Iafi ^u-a_lIJ/ 

( Ij-A 4 1 U. U ylj I SjLVl ^A jVCj-H ylc.J , I <C.j^UJ yA 4_^Jo-tXI ylc 

j-i-ii tlllj . yfll£JI jaUL l ^-^-Tj.-i u |»J Lfjl ^X i j.0 4 <-lx a. ski I p Lac I 

’’Exposition du systeme du <j(l$ yi I^Lti^ ( i^j ai Pierre Laplace ^^LV 
. i a 4 j jxli Laj LjJ J <lo j La li-uj < N < _^ojj Lu mond” 

l 4-lili I 4. UL-A^J I ^A jxulj LL Lu l ~l A ^_JJU^L»V | cj^JU-wJ. I ^A 

< ell I jjl Luoj j A i ^-aj Cti IS ^ylil 1 Cljuu^aJI -ill iii I J-a^V I jL-ulcVI 1x^.1 

6jL^_a <-UJ ^Jj I jjal ^Aj < 6 la.-=Jl ^yi <AjjJa Vj i .t»-A j^u^LiV ^jLS ^yollj 

^Lc ^jL ^1 J^jj * ^Lc ^-uLaj>i ^yi djJj-A jLS . <_£IiLi 

* <jLll$-oLi Jeam d’Alembert j-x. Jlj j j. ^ .;J( ^yj^L^ll ^^ajI N VTA 
4 > l ■. \ j c 11 4_ Lai j L£V L ^Luaj j >~ % Ij i I 4-tjjj jJ. Li <Zj L-ua LijJJ f j (jLmj i (jo*- 3 

^*j|j ^AjI j < Lajjljj SjjUJI Jjja <_aj£L>JI yfi (J-a-c. j_5j . NVVT ^Lc ^l«JI 

^all 5^)xi.*u> dlj ,yi IjjS-o) ££^iLI ^LU‘JI cilcxj) I ^^uluL&IIj 
j> L~i ll ^Lj aL=u( jiA <ti~i NAN £ ^.Ljt I a\1 I cL^j jIj 

<J ^lix. ^jLa J I J I Ifl *t t all J < ylc. <0^111 ^ylc. 4jLAj ^ i^>4 ^yXuLkJLuil 
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Ij jQ juu N A Y V ^ Lc <j Uj ^J| <-a IjlI I S LaJ f Ikut t JJaj * ^ <—JLl 

(3^-^VI (S^i u* u-*J ' (cHA^ <_r^ JJJ-° 

<jl <^xxijj <a.jj] IjJjC- L)l-^ ^ aM I (j\ ^SfjJI (j^J ^la^Vl tilt ^ ‘ A"W Jaxuj 

^$-L JaliJI J^ou <iiA-o <>o jSj . ^J-U ' “V Cl 5 ^? 

• I f LLill ^j-lc ^JOJ CjL^kj ‘-Aa^I 

4-llj Iji t j-L ilr»~t . ^j-*i-a_JjJl ^Lla-J ( ilLLma ^jU- t u l^xaGa <jlj ^jj^-Jlj 

Jr. Lfi-Jj ^LoaI 6 dX ^ a^. i LoLtaJ ^j^Jj t La 4 K it. a V j-o I jl ~^" *a ^/-cuj-u^ 
Itaj ^j| ^Jj JxLfijJI tillj (^Jj-* J1 cK5-“ ^-Luva < <Ja Luul I cJJjj 

I 4 J i (jl ^ 5 ! < ^lla-iSjW I 4 AJ 1 u <jl jjJI * t$J JLb jL «> H {jc. <^_i5£lj5l]t 

I £jaj-i» Jj LI <1*Jj I £,j-xoji. I ^j-C <xfl Li. <J La./ <J jJ jjJ . ^.ckj LaJ I e 1 .A fl J / 

I 4 J Lax ^JI j^oV I 6 J LcV Ij I £jV-i 6 ^J J-5J I 4-UI Xi J-i-Ju >_JL t > ^_aV I 

J j e i u a .ll <j I j-tii_c ^oQJI ^jjjJI ^j-a oLuLcloJI fl .\ a ^_fl ^u^LV Oxj f jJflj 

t 

^jJI ^^lr> JI jLuoil jLuj-a uJ aJloj ^uau < LuLlJj JjJLu oljL-u_*o 

J_a.| 4 j. 1 n a . u 1 J <x .j a a .11 Jj-o ^-i-L LI L-° '-A>^‘ ^ < jJa_^ <U (JLfl 

■ oljLxjl f-AJ 0 ^ dllj juajj < U-* 

1 « <Li_tiJI i w _i_j^_fl Lb La. cm I I aX <-ujl I ^u. ^j ^ 1 /1 Jc. 


j v . 'a .i) I J tC k. fi ( ^ uam JI i^ya V Jj *GjjIa1 I^jLlJL-o (_>OjV 1 iflkll j5 <j| IjX. < J toOu 

. La^La (Jia 6j-o Y0 * fc^Lfij i (j^jVl <ilj$ Jl-a £-La j-X 

^ r NV^*\ jkl_c c_jblll CjL Ja JjI <jjjJll jo£- jXjaJJ) SjSjfl O^Ja Jjfij 

Jo- S>^JJ Cx^ ^UVI f U NA. \ f L . W<\<\ f L Lulill <^1 
^_x»G < % n i La ^a-> xjjja 6jjj-a J^Lx fj -*Al I pLlcGl i_ 1 1 m m hdnn von Soldner 

J>^ u^jJ^ l s* ^LgJI VJ j ula^ ui ^ ‘ 

. ^^LV <j JL5 ^ jlK 

(J-*J * A ^LaI Oxla J)-a C>iL^I JJX Sjii O^j 

S 5j^a]I jjj Ji\ <j ^j| ^jJi Lofi < LJllIi ol» >LII <fil^ 
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(J—ilaoV I Thomas Yong g —ijj (j«Lcjj « fc .L »j oe (_^ jii 

VL ^ -a V Laj < cjL^.j-« ,jc. I jLx. p j iA ll ,jLj <J -cujjJdl Augustin Fresnel 

. < L^J-i u-y. <J_lxL Ij pjp-cJI (j-* JJJ ^Xu3 ^k JX ^y dLull 


: |)jjjuaJ( jyiJf ^-Lc j -0 uiljliXI « CiLqujjuaMj 


j-i-iALJ <jjSt ^-4 p j^All 4 i-ai.*<i^J) <JUui=J I 6jlij ^jJI ^^jLwjVI (jlS 

plill XiC- JJbl uu US LfrJIJL um ^y i_j jj J-U fl oLk.j-U Lo| i 4 A i ft *11 a ft JqjLa ^y 

^y I J uu jjJx J-A Lkii j-xS I (J^UaJ I ( 'j j t ~A _«_^J . <j£ Lui p Lo iSJj yi j-^a. 

. oj ■u-vll Lio y tillj cu>mai jyjflll -laJLI ^Jx ^jJL-\i << a t fl ~1 i .1 ,o JqjiaAi 
. 4-tAjIc I Adu*aJ }Lla * *1 6j 1 aula (^c. Aiaj ) 4_!>15 LpLj ^ujJ p^aAJL fl * ‘ °J J Ij 

U^J 4 oLaj-a fjc. ftjLx. J-xilL pj-uAJI Jl L iu 41 il l JHJJ u» LT^ 

jjC p^«4gj I ^_A ^au<1a 1 1 ^lj^»11 « iij^All <fLaVl ^yA <5j J±L I ^£^lj-u_o 

ftjlftX. <JjL=w ^Jc J >Sx4-"l 4^AUI 6 j 9*.rJ I <j| . ^JjjLaA-A ^Jj >4 jAlflj 

JA (jj. j lS jII jLl^UJI <jrjAljlJI i-_fl^JLj 4 <luAaj 4 -ft I U - n <jLj(axa <1 sja£iI 

^y La'ut ^ ( jIaLlil j^Aju ^y ^£j-=^VI lo-A Ixa. I tioaj < Lila.I Jj 

jA.ljJlJI Ij^J &jj. 4-o .<A-1 Aa <QjL!JIj « lu-uLa ^jVI i _^iaUI <jL>^ « I 

. < i- t rw UI ^xflj p La p LfiJ 1 Jj£, I^j.L“ Jjj-ooJI 


J^JLII ^vp^IILj ^jjluiI L^-aklj.t^I jJb p^ <AlI l jAIJ j SybUsu ^Jn jj| 

u] oi^il t-iVi eUj Jj-ftj I ^ j j-aj-cI ^yJI <jl ca^ ^ <J 

(£ ji I ^ <«i% It 5iJ I <jlc j LjuV Llzvj till J < 6 j I <ufl JyC- ij* Li p^AJ I 

. !>LLo 6 jLa. ^-4-oj-o f ^LuAjoaj 

p 

Jj£, p^^aJI ^ t Yi fl ft Lu^-Aj pLp-LlII J$ I fl ia t A * cOj ^Jcj 

dUj joc Lujil I»i a^i Ij_jL$ ^fjLi < j-uJux. jj-oLUl I oLij >ft all ^y <jLij 

Sj£aJL IjaIuIj t S^5\-flJ) 6 wLA IjI aj j —a ^j -aII oLjj-uijJ) y (j«^LV 

James Clark Maxwell Jjj.^L J o^j-y ^La ^jill <jL^ yj5j . p>*A11 ±x*>jL I 
jL aj <3^. JUJ.U . < 11aL xJLpjj^-^JI cjL^jJLI US iLaoLj 

I J l*\ Aj t JL^o 3lA ^y u t H4*i i JLxJll j-Aj < I uu i U Lli-a VI ^ ft gllj JjjJ-ft 

<x.^xu yb JjlaJL L^jIj r ola^ll ftXA Jjj-4-u^Lo oVjLa-o c>tn Jij . klLJIjJ 
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(j f o L=k^i 1 A j-A (JA p J. i Al I fj I ijjJLli I I ji-Aj I Jf-fl Cy* CuuJ- fl Lai * J « ^>1 1 

. ££^3*1 CiIa^aJ oi^a t « A j I ^uAi 

I I <jIj_» ^a p L&LlU 4 i iiili iUxLLa culi aa-a <jiij jjitj 

LaI oiul pl-a-iin^ ^jpO (jjia p >3 4 ^H (jI ^uLajjI jjJc. 4-jj^i<aj ^ flil 1 6^A UcJ I (jj l i i.tt>j l 
oLjjjJlijyi djljLijV \ ^ • o ^Lc, ^ <juuaj ^ill Jjltlll ^-A Iphotons oLjj^a 

* l \ L. ■ x-J ^-Lla-u t Lfl-lifc I Je\A uu 4 i t J4 11 ^ LmA iV 1 l ^c-Lauaj 

^I^JI I jjb jcIAj . ollj jmfli La pj< All 4_L=kjlI Sj^la-JI ^A ^ujJj c L^j P^x-ail Cj I - fti 
< 4^»jjJ^_a 4jtxxJa <jLa ^ LjjaV I ^ i~v 1 4 > A La i 6 jlxV i_jLJI 

^ ic. £> (_^ ^jLuiilil (JLjj i 4 i-vj t, I I ■ -vl 1^ 4 iaUuaJI jajL^a! I ^ aA. > 

c>^ (jOj-fl jjj-o J 4 > I J^AJ . 4~1JJ < OJij ^ i 11 S^A LLal I 4 A Q J i it-fl (_£ jl I 4 * 1 AJ ^jC. ^ ^ X N 

. pjm-A 1 I g-jjjj lH5^ Cy* (£ b OjJulAa p I a l t 1 1 i A | r jjLaJyl I 

VL^a £_jluj| ol^Ilj CjL&u-u^JI In (j\-l ^A'y* ijg^t 4 _i_aLII 4^zwljjjl JJJJLJj 
jkJljJI ^A jJiljJall ^lll 4t-aill 4j^Jaill ^A 4jjl^ll 4-i_uljJ <j-o 

plan n^kl I I ^Jj-JuJlII ^jil! £yja O Llljj ual 11 ^A i (~v > VI pi t i OAj . jJ I JjjJ 
jAjliA*LJ q! AUuaJl ^yA jLiTk £>U a~k*i 4^jJj^ 4*llU 1 i A > ( L^J <pljjj]^IVK < <Jjjll 
^Jc. < 4-^j1 4 • n LI| 5 J_A I 4 J o L_^li£UI 4_flI j a"t i.. 11 ^cjul^ I JAj . oLa^ji, I 

LoSj ‘ ££>=>■) 6^j • U5 J ^ V Lf^l 

. plj^joJI pjA-J I ^ lt~. |_Aj(ij L^J 4 1 A *\ K Cil jaiUll ^jl J- 2 kj JAA < Ia^V l^ui 

Lc^j PJi A l ( 4 Jj3 i 4jj U t i 1 Al 1 £yC. JjLLJLLI 6^A 1 SLuCUU J 

0 i ^.Vl ^ U J£ . oL^oJI ^JH ^ 1 4. I I II A U1AA4J^ ^ 11 o Lvjl I L>* 
4 t>a 4_ak^JI IJJb ^ j i^^jJI <_JUl 1 4. 1 (j^lI 6jJbLbJI fl" 

. Jjj^Lo 4j^iaJ Jljj ^ 1 Ao t La^ < pjp^lf 4 c^j-uj jiLu^Vl 6^ oLjj^aJIa 


Ijiu p^ 1 All 4-C^_i_u 1 AajI 4^lj l^aV (JL^ a 4 _Jjj iui^Lfl 4j^Jaj ^_fl *1 

j-aVl * iJ^J.i 4 i ^ La (JjuAjjJI jjA ^LLujJj| J-^.J Ijl^-Aj < 4-iJjLaJL 

4 t .i.a I i ^JI l lj| 4 ^jUllf I j-A (J^l 4 . vs 1 Al I 41uuilI 4 j jJa-J 1 ^ . A j ^J | 4 j J . V-v ^ jj | 
6 Lfcjl ^1 4l «^»a1^1I 4c.^-uu £yC. ^iaJI UIjiAi 1 p^aAI I 4c^xi CjLu 4 gj lall I 6 j-A ^A 
< jIjJj 4Jj£JI 6 -®^l ub c A 0 ^ jLuVl ^,Lj J 3 AJ ^1 4j^k^ll ^,-fA . 4JS 

I la J/Lu 4 aLUIj 4-till « p^juAJI 4c^_i-m ^1 ^ ■ ..-vVI 4 c.jam 4 >.■■*.. tjjj 
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<Jl 


xulj QxiftJ <j jJajJ I t lli-Sk J <J i. m I! Lj p^AJIj t j-^,Vl J^ajj ^1 


<J L_i_jj La-o LjLouau Laj-^. ^jl jJ_fl t pj.i Al I <c.j_juu (j-a ^ I ■« u *J 

j-a jlj_ttJI <jlf£_aL» jjMJaVI ^{J-^ {j-° La tj*fiLjV jl Jj-iia_L-a 

6j-4-uLii,l <jlLax1I uj( •%. JL Ctl \ i Sa oIj-uIAIJ a J-A <j5k I ^Jju I ^ J. I ^jaj . <1 4 Aj-Q 
£~a (jAjL*JLj 4 t I i u\ll 4 jj1vJ 1 gjLjj cui^ Ijjj . ^x,j-mJI <_ajL i pi own^IL <ftU 11,1 
<u <-u JL» <xuj ala oLc,jj_u JLlc VI j-^Jaj V L^_iV VI cilj 1 a.fl t ^-Aj-JJ I jfllaVa 

• kilij i^jC. IjjSS | )a JJLl 1 (j t tiiljLJ I otc^j-uJlj < P J-c-aJ 1 

< JjSJl ^ <ial^a-a <Jjhj J*^ O&fc? ^ Sj-U 0^ (jfl l ' V i i l ^,1 cA 

t^J I ijLftJ < <-a IqluJl I <C.jj-uJI VI J^-U ^jfL» 4_4galAjl <J 1 ^jl 

^J-LuillI <jjlkj ^.aAJJ Lfi jilj ij 1 ^ ^"lj « a LuiA^U ^<IajJlj ^jt i^uJI 4JLcw ^pLaij 
t-IWuj Jj) <tj (iaJjJ I p LAA I i. jft ia! ^ll I <JjJajJ I L^_j I . N ^ N *\ jk It « <La L*J I 

jjJ-5k j*Aj <j I <-a LxJ I < -l > i xi.*iJI <Jj iri. 1 11 Can S21 . ^jJ^-l I jj-A * I* 4i11 i_jjJL_J I Jj_=k j 
JS4- i irf^j LaL.a^( ji-fl r^ljjll jjJc. 4_jjIj 4x.j4.ui jIUu pj-iA ll 

. (J^UqjV I ^jC. A i-u I'-wJ ^jl L^jLuIi ^ju^LiVj 


(_XJ& J-xc jjjJjj <-oJJ IjjJjj CjIj n il I 5 jjb OjL^J 

*. Llxa>u jjuAjjJ li j I» 6jjj-o ±x£. <jj j LaJ I <^j uluj p j-lAJI ^ lag'll j i < nfli I jj-lt 

<jjAj j| IjjxI ^jJU jxjj . JJU <JJ In J U-lU <i£. < UMi'JI <Jjialll [ j tin 

^Ij ^Lxi—sl ^-Jc- (jjl—^ o-fljll ciUj p L—aLtil ^jV Lajj <cJJj jjjijj Jju—a 
^ jjLLtiuuI jil . ^jJj=k }Li L 4 JI ^Jc. I dJ^J IjjJili t PJ4All <a^.jll ijjiillL 

^Jc. Cj L^kji lj Cj I a J < «i 1 j Lu a e Ll^j I <-ii *«i~ij jtifl it«l I j Ijjxj p 1 1 A^l I f- Luvj I | 

j l hi j I j-A JjsJ I (J L£ S j L 4 III Lt Au (£JJ (j 1 a » k fliS (j^lJ < * (j-ml I 

JI jlfl • Lx-j I g,flj I I jjjiAi L^J^>Lrw j^ai < ^juai.tilJ u*\ <hr>J 

jJp ejjxu j^j^k*ill jjLfl ( CjI I i^ttll JajBj LaS FJ.4 All p lAAI ^ !<• JxaJL JaJU 4 ju-ajJu]I 

^j-o <_£j_a.Vl <XA.till ^jna Mill <JL$SLj I Aa 1 jfl ittl <1-i4i JJU 1 ^ % Aj-a I 

6 j-A |j| \ ^ \ ^ ^ Lc. UBjxu^ <aajj uj^-u I I Jill <i 1 uVl Lj p ( ajloI I 

« ^V — \ LJL Lrti.ul <i-a cJji- < ’vj t ill>1 <LjjlaJ laaa cAul ^III <ij^-JI 

^j| < fl ifl -J | jJLC jul^ll 0^<3 »i^^Lc.VI jJjLgjJ <1 CijI-A I 1 i qL ^ aJI I j-A j Xfii 

. 1 ^ luiLgi) ^J-O CijLfjl JLA (jjjjj tjuIjS 


30 




■ 4jLfl t * uJ I J -*■ * ^ l Xuh 1 .AA-l, -W — | — \ l7i^ 

O-uIj^j fiLalt J I ^o Jjj* Li ( ^J5UI e_fl_j_i-u^JI pLij| — <_i . 1^-iujLk 

ufL^fl Llll I O-iJ I A flj 4 3 yll I £ xS* 1^1 Cj L*_u Li fl p Ij-^j-J Lt 9 " i >*»A I jMjl 


SjJJ 6 JJb it-i iJ-xJ I jjSllj 4 p I J^uol I jt £l>A-txJ I p L.~x*il Liliul^l jLc.|j 

<iL-JJ j * i/iJ -x i 4 Uj l id Lh° ^■* * S> | J ^jn a i-Li t ^jjLo^-tl 

: Jj&j University Collage, Galway ^ u>^jAj 1 .1 . jSjilj n-laxJI <^u 

^ OA x t J I j | ‘G | 4^J I % *11 6J ^£j 4 Jn-y^Li LkJ 
4-_»jj_^JI icjjju L) Lfl 4 IjIaj IlS N , 1V jia_fl ^Jl ruuA^'i I 
Ll^ d. £_«JuJ V iLuAJ J-J^jl <j-0 4 ">Lil J^lc. 


57 




^!>LLUI ^ <ijLc it II . p^aII j* 

J^Ja 4 fi j 1 ^ II (jbjl_fl ~i. fi I >_ i \. HU ^juJ < 


! ^ 1^ Ajljq L^. J-a I^^J-a Jc I_£j ^jJI ^ji-Jjl J Jjuj J^dJ 

gj * A11 ^,'ifl.l Jl 6jSj-a <Lljb <Uj^ Ij La*m^> jj 

< J^Axo |Uma 1 <^iJ j i^Li J^k i J| Ja^i mu Vj < <lo I J-o 

. Cj lcIj-flJ(_» e^_La ^.a-> j ^[In 1 J £>J-xj Jl J^k/nfl 

4 L^Ifl U& ^_fl CijLjaj IJ I jk Llu^V I J I £J3 IjJ I ^_fl jjj.u 4_J I jj-fc£u La /j I 

j__i_=k.jJI J-aLtJ) j^-a j^^JJ jc jjl-JI £jLJj jjJj i <_x.jh-oj jli 

_ ^ p 

^ Ij « <isli I kJl fl r. i aaai fi ■ ^i 4 i ~wl I j I JJLa l j I J-> 4 »_.jj-^J I <c^-i-u a J Ljj 

. ^JjJa cxxuLlj ^-fl i^jj^JI <£.jju 4 c-flr (i Ax i < <ilx^JI ^k.^k.'xl I J-4 -oLv 

.^iUaVI ^,-lc. ti J-a JjiiJ Jl Jji a„Vl i-ifl *ill Jt£*L. <j| j*-j Ij-A jj 

j*-^k "■klL» <i(JSJ I <5^lc Jl LlUa 4^-^-"kll 4t\\ iJ* jl Sjfl^-a ^Ln "k I 
>— tflj jjj cjaL J| <iL\s» 4 jtuAA t (_£ jJI iiLOll cjjJ 6j ^-oxa^Ii jkLlaiJ j£-a-i_S <ciIJj 

Jl jiaj 4^jxkl <^x=k J-aj . fj-=k <J>L^ *>*^-11 jL£ j|j * Jj-uul 

. Ijt^xuj t vfl > ^ 11 /-» >1 L^-j I j ajjJI a IIjj 

p Laic J-a . l-v ) jSLi fj jl 4 J^Jfl Jiai i LaJCJc <-a JLAJia Cxil^ 6 j-A 

Jc ill i> A Lj 4 «i I uj I ujS.il I a^Lfl jJwV I ixlxa a Jjj-tti aJ I J^_Ll I J-e Cj Lajj iti « J I 

t jk^JI t ^ x> K\ _a JjLxjU ijdjLuLLS *JI jj| ^Lai*j| jL$ JJi] . J-^JI * ">-l * t p Ij^.miII dil^aJLI 

4 JjlxJj-u] A.i it u tl I fl i la <5LLa ^Jl <i&\ I Jc ~j)-y ^ I <^Ua nflj ij 

CuLS J_fii J_» 4 6J-A L-v c^.K a i i.xj 1 ill l ^ i IWu ^xJI ^ u/>Li^J 1 ^iLi- u VI 


£^[Zi\ JjjJI ^ll-io Jxa SjjbL^k 


^Vjiuj Jjl^ JLxcl ^ 


LxaI jJaLi 1 1 aU 4 jjllui ill ^Jl JjJ-U Jjaf. Jxa ^JaJI Sj.i i-u a Uj^xu Jl -UUJ 

j-^LxJI Jj_flJl oLx^oljj d jla.Tk tjl y J J ^k I 4 Jj^xijJI Jj-sJI 

Bernhard jLojj jjLj^j LaL-uI m | ^uaj ^-uJu^JLi ^LaLull j i t *c 

. iaUJI 4\u n il I <Jjk\lL jLall jjluiAjI Jac. ^ jjiJ 4 Rieman 
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^jLin JmzJlH 


fLiAM tl$ jLo)JI f (9JJI 


LLj (jl uLl^ / ^Jj(j ~ * UtylajL Vi a <n 7// Jfl dul l 
imU/jlf]! p ha. I / cLjIaJII Zml*uljJ £ LHaj tuK Ljj tulj i 
uL^ / ^Lu 4«y //(jLtxj jjjijjfJI ijuuofj t ojSJI(j*L mo-iII 
t m ta(j*A * Lf* £JJjlaII fJjSH * il MmjJI ZjjJHI! 

* * IiJjmuII iJLZSI Sj(a/j 

Ll * j<tif. ^jLJI 4j-° ilMj-aJI jxiaJl Ijjj ^jLij_iilJ <Ai,iitlLi 

4 .ljA'lq It < 1 aaoJLj tJJj J JU I f J_i_i ^ fl -A . dl]j J.JU jl dll j Jj-fl La] I 1 1 7 fl 4 

ja^iaaJ 1 tjjj < NA- £*£11 LljJj a'S- o ^j] » La liflJ 1 ^ILlI 

A 1 11 j 'lfl 11 ^CJjL .JjjjiVI | JjJLi A. uijifl 11 6 j-A t O-U-oi 1 a V iijljlil 

^Lii I jit e l^jJ I i, A A 1 .< 4 \{j 11 Cx^UL til] j I 

£^ill Ij-A JLa iA 1 |jJ oLu-aLjll p LqJc £«_uI LS «Luj(_aJI 

VI l iLf . 11 6 j-A a* J j^uu tj iuf. ^ iuiUI VI 4 .., 11 ^j_a 

• ^ tfiH ol9^* ct^ JjLJ Lj^I 

: CjjLZj* ^jJI ^ii.t J i| ^0 

< <jJ] < txi .u^ JL Y‘(3 * 4 ^tLc ^jll jiL-ujI j-fi An 

S^Li ^ uJ^ L*-*L- Lalj-o I ^lua Sa ‘Lij^J cr^ 1 <jj^1 

Lhj « u^.4«iVI ( jtuuu Elements”. j-^LaJI" aLo-cu? Lj^. j <* f 

■^■3 V^ * j^L, CUj J-l5 Ljj <j£]j 1 LluU jj^iaiLil <_JS ^ g-ftlTt ai ji 

Jj^L^ j ^r iiL^j ^>iLc. 4 j£Jj < Aju jjtS (jLljJL <jJI jLiu LxoLj jjii pJ 

La 1 -fc " > 11 -a < LLlcj iJajJ l +L+**l Lf i <JlAj-a t^jlj 4 I CjLlo-oLjJI JLaI 
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* * 

^ >fl"u ul 1 Jcl=J Ij 4-lgJLJ I f 4_Jjl CjI j J xj CjLLi^JLj i^yz Ip Jj < i Llj ! ^A ^JoaI I 

Jl^ia <Li_u-U-$_lJ L*-=wj-o JJaj <• 4 __i1ij>LI I ^ jj ^1 OJ>« ‘ J jj Loj 

1 0^\j^ L>* J* 

6J-A JjjBj o£.Lao Ifl If ^ -n i SjjljiLI Jajln^l I I <j I ^Jf. 

. 4.1c <j3tjLk 4-laAj (j-a jx iflliul jlj-A j 4 >m a (_£j-uu ^i.*ij V 4jJ L^J I 

t^jJU^JI <j| V| < L^-i-u-aJj I CjLj^jJ-JI L^jILjj jx^-flil I j-A <jl <^a j»X^J I (J if.j 
^-aV^JUa-iVI ^il tliljj jkLS J-flj . (_^u J-jIaV ^JjVI CjLl^jJ-JI ^Jf. p Lu 4jLu J 

L Ijjh ^jSLi ^-1 3 ] Ol ^Jr. 4 jLa^j ^ij imu i ^jll Girolamo Saccheri ^^SLuj 

^j£- & Li Ij j ^j-q-^-o J_iJj4 La^jL fill J 4jcxfljj j Jj-xL I (jfi f\ 1 ft i < nl I vl x£- o j* < <«j Jj^La V 

4jJc. «Lt-ojfl CjI ji Lxj-uj eUj ilL^Ju-uL 4JjA <jl£j t J_L-^Hx-u-a j_aI j_Aj < 4jxj J NA* 

4 -l'uj Si ^.lc ^Laj-rv^ 4 dUij-i^JI a j_A ^-lc. J-flj . 4-i.i Jfll j —»-c 4 ■*ii,.i'uA 1 —5L auII^Li 

. j- UJC. £--|LljJI ^jlll Ojl^kjj 

^Lflla * I 1 ^Ljjj-I ^JiiaLLa Jjlljj ^jA jLIxLumJI ^ 0 \*\ jxLc. CjjI^jJ j ]j 

4jl^L^j ^jJ-iLaJI J^a JAj < 1 j^A a jjjjutJI ^-fl pLfliluuiVI 4 j!jIc ^ya J)1^A < Ijuflij^a 
< 4 jjLa <a<Jt »Lak 1 jvxli ^ajjlSl^ ^Ajjuuj J)l ^^-a V Jj , j^lc. Poitiers <xul^j 

CjU-ajJI 4-o ^A 4_u_4jjl^JI 4lLxA^a \* aA Ij 1 Jloill ^jLua ^jA 4ju_u Z ^uC - 
^jfi iaJ I i-Ai^s Jjlj (>Aj 11 go ^ Q l~u ti t jla. Jj«a L*J I J . I 

. Jl JLa—a LfJ ^ Li I 5 j^1M jxLfll 4- Jc -U.I-A L/J^ ' 4 a j ^ j 

4J1 ft a 4_» Ll^ 4jf. v^,a*4A?\ J-fl ClijlSLiJ I ^_A IJ J_=h_a ^lj^LjJ Li I j~i fl^L-o <_ u-»- uj 

A discourse on the 4 la 1*11 4 a. x a.^J I JI j p \ I > n 11 ^ aLm 11 Ja 1 \Vl * uV I 

. Method of rightly conducting the Reason and seeking Truth in the Sience” 
. The Methods" J^-LaJ I ^xj-uL IjL-ioILxf 4_JI j I «.ti N'tTV lx. <_i Ll^J I ^ju*j j-a j 

t \ Y \ ^ Lc. 4 jj^ i a* 11 4 a 1 W I 4$p J-JU I Jilj-A l^iL*Ai-a Ifl -^flj CijI^jJ LS 

/jV Jljj jhI) 4^ IA U i-I i 4_<11 1 p I^-cJ 4_ajl A a ^ tn ~i xu i jxJ 4 jI 

^J^-fl <j| . 4fl *nlflll 1^ » /;Ij * 4 j Jjj-oJI 4,.i ajjI^VI ^jlj < 1 ^Ja^L 

41111 cJjl i.ti | 4,-xlf- (jL^ j-jj_J-ull <jLk^JLxxil Vjj 4j| ajf, <i j i . ^ 5 jjfr 

^ya ^.i u..aA l I jjLaJ J-fl 4jjjS jiX.j < Jjj_j_u]I J^j ^a Lxl.u«^a 4 .axl.aLL 1I ^fl 1 ^ i ujJflia 
j^A pLlUVI ^aiI at* iji-a fl->) C jj^ iaa La J^j 4J^ij 4 Hj t i^~ a I 4j^jJlll 1 - Aj-ar. 

^jjh J-iia Jju 4 Mo • jxlx. ^-fl 4 u-fagj <JJxj ^«A a cjLfjJI ^Jj (i-aLa^aJI 4 j I a r . 

. (j* ^ .»^^lIj 4 juIJ I <cjL 
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4jLualill *JLci ual isx a t LI < x i.Alj <6a «i ^j-o 4 -j-aL c * lh <JLax.l ^I ( _ r L 
V Cj 1 ■■!XjJLlI ^Jc, jxic. LlAilj t IJ.,\ yj* (J^ .*Loi*Jlj 

t Lkj~i iii I jtLuu ^j-Aj <1 i fl l^-o ja . Au I n Ai jjla A I I I ^^ic. . £ Li^ 1 

AjjjL^i tjS-OJ (jl^O (J\ ^ Lqxj Jz ^ J\ J\ <LLul C/l=± *L«a-fi ^yfl 

f fii^ilI » o<>i..j Jlj^ " v *‘ * (^JajU> t 0Li «ia 4j^C jfi -i-*-JJ ^LfljI 4 j^Lj 

jk LLa_i 4 _j_L J^LlaJ ^ jJI LU_J | | jjb I ,aL,.^-,A.-Ai JU . Xa !j 4j^L_J I Jj L i -.I i 

c> . 4jjjjjl^ll oLGld^VI ^axujJ 4J Liij ilu unit 1 ^ jJ ^ < 01—u I J * kV 1 

^ 1-. a a I I £-0 J-a I ^jJ I 4_lA IjijJ I Joj I ^ LLJI I jjA lJjAj Lo Li Lc Lu I 

JLa. <T|II J J AJ ^^iil Jj Jj-^ 1 I JJ-=kJ ^-lll J>LJI iaj L <LiMj 

• (\ “ Y J^") 



L^Lilj^l tjt tfufii (^jjj jj-iaJi (N—Y JfLi) 

ji 1 " *^l J 11 < oLulj^VI kliaj 4 L 111 1^4 ^jmJLlA J< ^| ■ at i^j" j<_ft>j 

■ 6 J Lc. ^jjXoLuLo « ^jLoJI ti>lj_^,Vlj ^ IX* oi l <fj I J-^.V I Ltt^ 1 If jlkj 

1 j < v Aj . (\ — Y US 4-luj^j j-^Ij-o jj Wi ^Lo ft ft * Jvi-tJI ^jlS jJi 
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%J I CjV J LJI ^IjAXuiL i J AaJ Ij 4 4 4tJ 11 ^-aJ jkLal V I ( iJ I CjjI£jJ jco-fl 

CjLuAiji «U> f^yA Oj5d I lfLi.il V 1 1c lj^ <Aia Ijjk j^Aidj . ^ ^ A Uiijlj II (J K . t.V I Jtmil 
Lfjjjt u 4-LLij Jiaj L£ <Jjl ia$ (Ji*i rt~>ll JjL 5 ^J I <Jj ^.ftlK 

<*i *.^k t A i fcljjflJI o i a. 4.4i_^k 11 ^ If. f- I f^yjJ L> j_lL_uj < ^jLi-aJIj ^ it ml 


^ }L*L-a b jjLL ^Jj^o Jj.1 a < jLfUI S^Ljj Jal flill 

. Ij J^Jai I JajJa^. Cj Lu I I 

L^lflj < jJ-c^V I ^kli CjLuIjL^VI CjLluLiA !J_uj 

jjjj I jJx^aVl j 1 i*i AI cIaSLajj < oLu I .l^V I ^^uLaj [^Lo Jil I jjladl 

JJaj i—flj_»_u . 6 jjj-aa 1L ftXal *La Jjjii }Lfl jjLaJI jju <jjI jJI j i itl >.li^ aj Loi <dl 

t <jjjuuail w Lt . ■ • V I ^ If. CjLi^llIj oUiiluil I v., iiAal 6 Jj^j«a 4-ij-Ujl£JI Cj LiJ I J.rxV I 
6 JIA A ^JlJqJ < jk_A V I j_Aj i jl <u I jjJu ‘LlL. j I < < L<^r>jV I 5 j£J LS 4xC I jiJ I Cj La* m a. 1 I j 
dJj 1 , i *oL»j -U j *m C ^jluLIII jjjjiJI a j [ -v j | La IitiAJL I j_A . jjjJI 

. CjjI^jJ A m aJJ Laj -y 1 ■ '■" a t p Ijj Laifl IjiAa JjjJ I LjjaII 


: jjju 111 i ( ±±j UaJ 


ULVI LjlI L)LS JjlJLj La j<j a * Al LiX Ij ^juJ ilfll <= Ijj I Ajfl I d“° JjI 

lllLajjjj WVV jikLc. ^jLk dj # jxJ L*J I ( yA oLuqLjJI pLaJoc. a^. I <{jujL^ JjK 

jjj a 1 i~n I 4_JI o il cjI iaoLjll Ixjjlj ^jj| <jSJj t J LJ I Aj la o <JjIjl 1 Brunswick 

j* a Ijjli-o Jlj dI LlxjJL O-LLi.Ij 4 a i f J~t ^Jjj ^ jJI t*lfl < <« JjJ 


f<_uaj£ ^Jc. ^ flflj Jj 5 Llfl ^jLk .1 ijVr. . NA*"\ jklt J_4~o lii^k 

LjI Jjaj o 1 _>.iuoL jJI <jLo-aI iii a ^_A I - -l^i—^>j • Mj 5 jl-cuLJI j-Aj — jkj) j-5 

<P La It. 11 Lh ftjJjJ LfijjJLA jkJ JUxVl 6J-A L^a ^ Ur V | jj£ll <j| ^ ( d 1 all (Jj ^ ij 

. 6jjluLj fJLJI cL-aL 


^juIjII (jo La j^ii <JLaxI ja Ijjo^ ljj_A jl JjVI < did jlxLui dL-A 

d LijJU 6j ji < 6j-kul ^uilill llA j^J jkJj i 6jduX O-jIuIIj SjAt 


^Lj JZA Jl (jl JjjjaIj (oLj*&LjJI j) <j^JI JjIaJI JWjj (^) 

. p(UaLjll ajL ( jJ <j^4 j] |J« Alll fcdljb t ^aoull 

. ^-a.jjJ.1 analytical Qsomtry a >l>l-k~kll ol u ^Lj y* * «* » 
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t <juiL=k JIjj V ^LX WlAj W^o <ju 6 jlill .<JLa£.i j « t i n 

4_uLjJ 1 ^A CjI utirtlft <L*_xLw jj-o 6 Ijij -Xvl 1 ^Jc, J i A^ tA^j < 4 jI jU-I lj *T\ i n a 
ji tm £jLuu <Ll^j jjJ L-J. I i nil L| .<JUtl ^Ja£.| jrwJ | j5 jlX t j-jj 1 (j 

<L^.JJ ^jLSjVI Cl-IX-j jA ^oUlf Li "k ail Lfljj_*-a Q i <jl - 1J 1 4JLaX,| 

< JxilL LaIJj JjB jlX 6 j-i.il Sj-lLX pLiLtilXI (j\ JA4 cll.il 4 a lVt j . <ij Li „a 

• U3 J 4^ 

J j-iJ—a i.urtM (_j-LhJ * cllAll (jjjjLa Jj-aj JjJ ? H jjjill 4-iljj jicj 

^L. (jl 4*-aLJL jLcul 4,fl.ilaj <iiuii iflL-^VL * jjjJI Slij JJLj 
^La. Lij i ajuAj I jX-aJLi jjJ CjIjLajaV I j-a JjJaJI <GljXi-a jAi A Ii j . N Ao 0 

Lf&j f LljjLo 6JJLJ J_zk. | ^Iru. xj .ii 4 urtLj oli Lt.lXI CuL LflJjJj t jVI 

Jo.i . Al(i r \ jxLc. 4_iJ_iiiVI Jif- 4 iiiiji^J 1 Lcjj 4_fll tti 1 ^J| l*A11 jj 44 * 1 1 

Nikolai Loba- . u i ^t.l jl ^VjXu jjh ^j-ujj ^JLc 4 L * <iI jj Laj- J oj ^j-a LaLc. l/j^Lj 

. chevsky 

LlojI AY*\ jxLc Sj-o JjV SjXaJI £jJoj jkLi ^jJ ^5 LulLuiLj] J&x. <_h»ijj 
j ■»*< ^ ^Lj jj I ^LJjj LX . Janos Bolyai ^LJjj ^jujjLa ^c.jj ^jA-a JcuLmJ 

I \ * b ~ a jXj jl 4jjV J lj lj < jjujLa. £_c 4j(a <o 4 Lai Jqjjj I i La. .flJjj jJb LAi| 
« 6 j *«*£. 4 -lx»jLJI ^jxjj Jj-fl J-Aj jiUaJL 4_5LJ11 Lj 6 jJIj Jn l^.1 I j I ^^ic. »4 jJli jjJc. 

I 4-iC.jj . A ^ < Jj-A <J^ °C-Jj L -a .^ 

4_JI La ^ju ill Jj-qjj t 4jxJSVI 4 i.ij^ll jj-C. J \ i u i jk La < djJlj jJoLk 

. <la£. Jj-£kj J-a jj 4j^Jj < ^ ■t f' .LjJj ^jLw 

• SjJ-laJl 4jmJj^J I (J^ia < J^lili-fcil ^Jc.j ( L-o f. 1 aL lII JaI 

J 1 la V i 4 i «._i ^ 11 i**i L^>\j 4A LX < ■ ^ 1 < 41 oIXla 4 ... 11 A jj i ». ^jX-oJ, I ja 4 j| Ijuj lal 

^J-UJ < 3 kjL^ < U a > jja jU <Ja^ jikj-uj ^IX-a| dllj ^ iijIjlLI LjLA.ll . 4 aL 1 I |jc. 

4 t »J II 6jjb ciMilul . 4.t_a 4 j^Ijj-o ^ I < ^j^LLV I ^lr 4 jl* ^ L l oil ^ L jLA. * 

^JaAll <xi i a jJclxaiI Lf lc. 4-uj-«jj-o Lf ^-A * ^jji o . L I jJ-t jJcclajVI ^ 

JX-i) 4jL^-j VLa i AjJo J>-a o Lajj <4 jL^wJI ^ja-u ^-L...Vl 4 > ,fr> . JjljJI 

jlkjj « 4-a^jJ NA* CH 1 vlifUl Lljj gj ny a <jjXj w L. ..V | 6 1 a J*La ^C. . (Y“Y 

. VLajVI <JL«' l^Jc 
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B 


ajJj * 5 jj 1 tut LI £t_Lx*-uV I 5 _jJ—jJUVI <—*uj 11 ^j-j.i-1 (Y-Y 

£■ Lx 2 kj * <A)li ft ,jl («—*) 4 fll» a jjgj£j J_fl <4.i V*kla Inml <Lo^l»j^JI I J K * I <V I 
LclS < I.Q l**io <i*_=kj t, flj,fl ~k e l W*jI IJ I t: 1 «A fill .6 Jj J y ^11 j-oVI 

. <jic. iilila fi 1 «Afll I J^-j-uV I I 


< 4 1 (j-o ( clh° I jxc. 4 »mJ ^ H c-jI« TumI J< Aflj 

^j-1] j-j-aj V ^oJ I ^jjil I Q-la^ul I jjj-L jjbj VI < ttyLU I La j Ijj (£*\ &J* u^f pJ 

cJj| . * La^VI >_irk j-a 4.yyj*a Lj 1Wj 1 jj j| (^mii ^Jc. J^lijua ^L<jj « 4jlfj VI* 
^llL* ^ . 4 11ojVI 6j$Jl q jj-lc. 4_i_j^_c. v—flj ioTi JqjJau^JI <jl 

t (/uJa&j ^^Luj 4 ? Ijl i»VI j^Jc. 5 I ♦ j n y I»Uj LflJI « J^JaH JajJa^ 

^£JjSL 1I ^Jc I Lljj fc'+y*-'*-* u-tUftllj ^JLa-JJI i ^ Lfll l 

. (Y-Y \A* 
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LL J^UI LjLL ti « y ^JaLLD S JJ\ gku, Jc. (1) (V-Y Jli) 

£i£l I La( j3 7^-° (p) < J^-ilraAll -Llc LlloA Lfilij < 4-Je dJ^Ulo ^ I jlui VI 

• J>* 6jS £-kj-u ^jie fJ’Ujll 

1H — 4-1 J-tLaV 1 4mJ.i^ II (j i »t-n JU-o — 0^1 5jjiu-all ^r UiaiV I Jiaj 

Jj_l*J I 4l ifl.-x Jj | (J _le . 4fll*\ 11 Ui <iV lj flJ. I jcJsu-uV I J/j IU, iij i ft Lualit 

J-iaIj < JjLajj JjIjjJ Si ^^Jc. (jLbj}/l £t-uu>jJ 4 jX*J5VI u-uC. pi j-u.UQ 11 Jj-q 

. 4j j 1 4_1UJ jifli 1 L Q / ti t*\ I I *■ LuJu I lA-j Jj-o — 4jf < \ Ao • ^Ic. ^ Lc j±7li 




JiA 


o*- <6 


i, l 


■ \\ 1^*1 4jjj^J I 4—*ui -li^J I (jLo-jj gJLc 


4jmj jL-i-^J( 4j=JLJ ^fl-k u V L-=kj Vt-2fc o I Ii-A 4 J . 41 j-i_>j Ki 1 oLilj^l 

(J-a-*-» O IjjV f 6 jUkjiJ 1^ 4ija_il, Ij a ^ lt n.4 ill I |k IX-xli.iiL ^.lai^J I ^J^la Jj£, l-il aX. 

t ^lajULLA ^Je ^Ij ^l jJ < 6 J J '-k .fl JL ^tl l LS^lc. » JJu^J CjJ^ ^J lj_L2k 

<J^1* £-* PjitilVl Ix$j J-aLfti-j <-Ju^ < <j£Jj . jUuJ 4j^ 15 ^ j ^elj-i j% UI a j| 
4 jIjL£ LajIj cS^ * JljuuJI Jj-a-o Jjuj1a.uH \j yT\x *i S jLjuV) ^^xLj 

• jIajV) Jj-o Jje (£^ pV jLla 

| ^Jc. 4-oliiI pIaj^JI JAj -Lj^j (j^Hj * A »H ijjuelixi 4_i ^ Jw 

Jjl Lr Ie < j-ojJI ^yic. JLJJI ^ ^jJu £aiJj JO! Jjj . 4 jjIJ>H ^jL 35 difill 

ju-fi 4 _uiU-mjj-o i 4.i Ih q pUuj-a 0^ (J-oL-O dl 4 ■,. fl\ jj A [" is 
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<j| ^ ^ Lii j 4 1 nji a ^\*aj Geometry” ^1 Jj < ^^L^aVI 

,A m ,<j>3jK]I oLulj^VI jxI ja 1 L oVj Lu l jJc. U^Lxl I <_ill£ «* 1 a» 

t LjluJ I Cj^LpIjlLI £jC. j i iS Jl ^ « 4 x\i i *il I oLuIjJx^I {jC. ^yj <L/-LaljL-& 

v ju^ajJ jLjuI ^Jl oVjLaiil 6 j-A jjJ-Lj tlLti-olj ^ «^Uj <J-* A* ^jl Laj 

< o^Lat -t a 5-i^li o 1 j oVjLtll <■ jbul <j^L_JI oIj <-ix.I^JU 1 ot a <*t•%11 

4 x iiaU. LflJLJ. aa Ja^j i jbuV) ^j-a JJ-C ^j| ^Jl LbjjjJa-i ill il a j ,Jj « £ * 

1 ^ Ji?*- ^ j-laJ 

^jl Lfl <j£i jxJ < QaJl (JIaD <jlj-2x jlSLiVl *AA Jfl 

£-=xj4J < (4 -oLjlII 4-Uj-aiII jLuVI ^£.Lj P I I AflJ 1 ^j-o 6 )^L-u Lo 

. Lu-oLj dUj 4 l'i K a | ( j^j ^1 ^jLaJjJ Jt A ftJI 

i ^-ajJ I £ja I ^JB v j-A j ^/xVi^x. <JU L^j a! (j i \ ATI jx Lc Lajj jJj 

Jfl I 11 C/^ ^JL-J-ljJI cjjJLflj JjLS ^ jJlj ^jic. <jlj-jJI ^sJaJ I 

ylc- J^ - ^j J! 45-*^ lj! cM Oy>LJ \A£V ^L c. CaJ^j u^j 

. ^ pL j{£Jl jxic. jIj^j (j -0 jx 1^la ^jLJaU IjcldHiA jxj NAoN ^Lc 6 IjjjSjJI 

<j^L!u cJUJI ^xj Lu ( < o^ LJI J-xJLA^ i-flil (Jj-A-Jlll ^x QaolI <jL$ 

J^Lj <4j 1^-^olrk n a oj-a ^j-A ( j^^j lj-=xlj l^lft ^ ia 11 jx < nfl ll j l O 

JJj . <J (f* u^i ^ Ar 1 a i-4j) m t jil uj^Uall ^-ijJa £jC. 1-^.11 

viJLIIl Lol < J[jl (^-j ^^u-qj^LI j( m-vV I 4‘i-s.1 j 1 u 

) ^Jc. t 4 ~i U~x ^Lcuj ^ «4^j ^L^iVl IJlA i 4 iKit. iL^’A 4_JI j In u l A fl 

Jj-^ U^j LT^J^J <<L t iJ -W ^ J -^ < vtJLiJl (>i ^jL=x 

. V i 4 jA I J.Ui.ua 

<ilAj !•••*jj-i U5 < ^ijVI LttjlJ ^liu geO“ jjx 4jjLJI p) 

jt joJU j+A i ^jW jj->^a.~J I jt jjJc Lk-ii jIajVI JJl l * * l .» A lH (^) 

4_i cJLi ^jJI j K«jl I - i*»i jU iVI yPLj »UAtlLi *I 4 uALi^lI » 5 J * 

jiu* j Lul ^aaJI ^jJJ iJj « ^jlc. ( jA pvt A4 L|JU jtjul till j < jjJb La Lai «4-fll_aJI * < u l 1 

I — tlUj ^JA J ^jAajII (£J4J « IjJLi J*it 4-1 Vj «»L^J 

. 4jV j(jL-a ijluu^l J^Sll J^-a La-a (eL^^JIj |^Jj 4 jLxjI pluj 
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-A® < 


oLxjQ j t i A •% J jIjlxILjujVI I 

»-x <jLfl ^j| jjilj-iJL £uJj Lio^o 


dJj ^ c>l 

<laJ <la r. fuj5.il cjjj-iAil J_c^ll 

jj 1 ^ 3 

LT* 

oIjjjJI ^IS . \ A*\V t^La-i <jUj jju V j i jjJ<j|V|« \ Ao £ jjjjj ch® ^iUI 
On the hy- < iujl^ II [$ Jc ^lll <Jj_x ^jLx <j ££Lal ^ill 

oLtj-uij —a JjUl» ^L£j * potheses which lie at the foundation of Geometry” 
. 4 t i j ll cAuajj «p LlA* 1 I p L-y a I ^uLl^ l^-ia <6 JJjlLo 

^ 5 -A 6jIj| 4-4ft iAi Lo ^l t LuLuil H i 1 5 1 * oL£ i 

O-a Lxj f>U 6j^-fl OjL^ x5l « (jli in gLij ( j*ujlj LuU ^oljj-flVI 4 fl >-*u 

(^uljU Ll- 0 U*l L-UjuV$-1 Ij 4 l^-J p Lx I P I I y ll I 

(Jf -L {jj-& *oJ* v-5*^* o-& (^L_JLu] 6±a <j j^i lj jjLcuj Jxxu j5l 

« Oj^lI ^jpLiuL Lxu (j-a Jjl jJb 1 j.4.ti.*ul Jjjl ^jLajj (J^ (j| • <jl J of Luioj] a|j-o 

. I I J^j ^ lnx a o Luj I JSj 


C5-JI * JLi]l cjAi ‘ L>^jLx jL jI AVI 

j LaJj |J < 4-LX-uai I 4-5j^_j&] J Jjm I, I I (jlXjUuJ I 


j 6^L ^5 « ^jLx ^ijj \ Ao o (^k uLojj 

<> t ^jL-XJj jjJj LUOtl I Jli t jxl JL. \ <JLJjU j\ < ufll I 

C lA mI A. t, flj i ^ ^ I^J ^_^*ijLa» ^ Af jjJj | <J J J_fl ( (J jUj i I ^ * 44 i 4_i -k l 

t 4_a LJ 1 4 \\,u >i*J I 4j^laJ I j Vl « jxi*J I Cj (j I J J LuV I Jill * p L A fll j ^jc_ «G a 

. i)C- (JAl-oj 

ul l-i-fj J>5JL t_uj^lll ^LJI jJ of 1 -Iaal. u ] ^1 

' 4-u«Jjl^JI ^^J-La ^jJI V _J-A 0^-1 ^aj ^lluOjj 


: 4La i III i It A.lW,\ l A 

>* oj LLII jI Jj-aj oLuj j-®~c OS? f t^oll 

^AV^j \Alo {/** Luii o^Li < William Clifford ^LLj 

<1 o^J ' » V^ t^l uU^- JjJ-LxK ^Lfl . (jLaJj Jia o 4 ®>>° 

c^l J t i o lijj jjlilil p LfcA.il I JlAjJ ^ J^AiJI 

cA^ (5*^^ p LAaJI oj^f JLl^l Jjjj .^gjjJaJkVI j£iJI 

4-5fo^^ O 44 ^^ c jLxjVl 4fX.Lj oj^Li Gau J aA U^lj ‘ 4_i“0’i lr LiliLaj I JjJ-O—a 4 t q 

oUj 4 <U*i£> cf k lililaj IjjJ^a jLfVl ^LS <oa-ojVI 6jill ^JL«-u Ifffl ojSa ^lll 
-Lx 4f-xAjVl SjiJI jt_L^u IjiL_u* Jl Lali . jLuVl <oj^ 5 <Luik3 

* L - Aal l ljiL_u^o (jli <4 jIj^JI 4_LLi ^1 S^jJI <JLo ^ylf 
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jjl dljJl Lfri-a |-Li ^liJ I 4 kill I ^i-flj ^jl\ JjjJU uijj-i-u m 


^JJ ^ AV • ^Lc i JjjSlI I p LA fl ^-fl ^^kJjjlJI p I X i V I I -LA jj Xi I j^Vl 

t I 4_taAj J^a I^A iA pLA-jVI JjjSLi Jjl JL^^I I j-fl ^_L-oj 4 jloL^ ^JJ 

< Lk ui fl Joj-u^jI I ^_A ^iJ Ij < <j-«AjV I 6 j£l f ^Lu OI >ni-kUj O LjLfljj-o j I^C. ^Jc. 

< 6 jLjj_i . I 4 J 4. > duiLla um J jjJ.ilfl ill <dUiJo^i II JruljJ JjLfl L^V I I -LA ^_Lj 

^yfl 4 . U -a A j-o CjLa^-LZu 4. i *il^-o| i.K Jj L£ JjjlA**■» u I J^Li_q iJj-A 4j Lfl 

. l-fl ajjl ii j I O LAj^TmI I 6 XA Jjj^TI * AjS J LJ I <niiiJ jj - « Jj I Jjj J 4 UL5^ I g n *»*i> 

^juJI c_LuAJI 4 » 1 tfaV | j i£. 4 ^ \\^JI \jljLZ jJ-*J J>o l*L^lj JjjfciK JjlS 
j3 <Xi ^ ^ j pLL*-^ j>-a ^ji Laj La a I Jjl£ j>l j < ^ j ^-iujLiJI J>* 

j,J A^a Vi Jj | I i il n JJ * 1 i rtf. ^_oV I 6j Jj L^ JLfiJ . J|^\J I 4. am J uA tiUj Jj J^-o 

J^a LojJ J1 nf J-^.1 iJ-Lfl Jj I <J ^jjS-l JJi < Ail I J^j 1 i i .7 j . uV ‘Cif.j Li-o 

6jS-fl ^-fl Jjl J-atl <J ■ A j <, *-« mu J Jj| Li£ rt i I aa j i 4_J | Jj_rtJ ■ Jjjl ~i wni] jftt, i rt 

jj-o |J» A a<j 6 jla jajlLa_lII j_^.i (jj-fl * jjj-i-i-K Jjj <_oLsjl < i \ ■ n>11 

*Ll a jlu iJj-a jJj ^jjxl jJL « Clifford Will *Ji$ ^ ^ ^jL*JI 

t j *j l-C ^wLxil—lll Jj j fll I Jj-a ^LUI vAaa II 4. a <i Ji 4 JL j^i a. a A!/1 Ij-A 

CjVjLaII ^ l,-\ a xiiLj 4 i^aLAl I 4 1 t A **\l I ^Jj J^LL-lXujI J-t-OJ J; I PjJJ JU 

LoS P^AlI 4 _Cjj-u CjLuj 4^^=J] Jpj-ij CjVjLlII LjliAIj /4j^xaJI 

«] t I 1 inLj (_)“ «1J LuLjj-ufl j\S J^j LLlLju] Jj I aL ’i Lul ^ If . ^J-jj-l.u^L a ^ c .7, t*\ I 

' * ~ * * 

^ la JjJ-ilII Jj| 4 l^jjJ 4 _o-Lfl-*J I 4-i-i.ujXo Ic^j 3 L -0 -li j-^_a < Lj_uu LuLj-Lfi Jj^j 

,Jj| c_i-ujjj t ^ ^ LuULj 4_ Ti 1 I ijJ—a Jj-o JjJaj t ,.\ jci 1 \ \ ,i.ti JjJ^J JjJ 4 jLi 6j^j. « It 1 


The Measure of the Universe, J.D." ^il ^ 

. \\\X North, Oxford Uni 
. WA'X Was Einstein right, Basic Books, (X) 

^ya fc ^*> U-i - A-i <a f^jjl-LiLu] JjI ~i 1 tiiiV L&( 1 « *v.L I 4 -aI i ji 

(_JLU>Li O-ujJ-a ^Jl 1 j la «_i 111 <j| pL=fc ^all Uj <4_l*ijAU ^Jjb 6Jjia ? irtt ^ *_jLl^J I < *i_i k C*ljlj-*-«a| 

^jujA-a J^LuJ f jJc. CiJjj Ij ^ i a l L i-im (jJ ^jl SjLjlC. Jj I <^Lc. ofoijj ij^vJ 
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4 a as+j L ^_1 JjLa-llVI <J ^_LJ I .1 * a (Jj-^jJ <J JjLaLLal 

i ^jll < JjSl" -» Hermann Minkowski ^La< <GjjLJ s=Ji 

Jftlfl oLu-qLJI aJj .^^LUVl ^ic. oLi^LjlL jla <J ^jSLTj < <jL$j >iLii 

^_a JjJ_*JI Ij Alla ^L^JI JjL - k i -aV I Jx.j-a <jLa. La in ft <bj ^j-A 

^_a | jjftj < 4-J 4-15 C ,J <-a -ut I jj LSj < l^_i 4 ft t < Af (^ jiAm ^J ^il I J Iji I 

r Marcel Grossman. ^Laoojj_^ JjLmjLo p ua -k)I 4 a i .\u^ a »i£. Lcu-oj Vj ajLuj! ^t-M t n l 
Cj (jxuj 5 J-C. ^ flj «^-aj J L£ I Ja L ut u j ^I -k JV I (J-tii-fl \ \ • • ^ Lc. 4_^x^_a*j jlcj 

| 4 .ft iUI ^ Ij^o. -wV I diL I jJ > wila <JaJU ^jJ^-xjj_JlII jilI 4 j I Jj 

(j] <1 duxLi J 4 _*_aAIjILo 4. fl-tiaj Oul^ * Lo-Xiij^A 4_lxaj *llfj 4_JaL_uj <1 d'~w i» I 

»** ij in i , d i i in ill 4-1 jJajJI £-i^3j ^ylj JxOJ4 if- Lj_l_flJ I j-l^d if I U^ll 

. jt-jjtJI iJ-A J_i | Jj juj i \ \ • 0 j^Lcr ii^laill 


<jj-^ i.u <J c-kuuu La jJb 4,-u jjtilll 4 -ijKj 11 £^uoj tj^ 1 ij f jj-fill C>“^ < j^lj 
uJLfl 4_j_ijJaj «i ftjCi a 6 jlij-u| tilJj (jLS t fll < 4_i^a_i jJl!I 

. ^>-u^ ^jdii Lfe jjiAi cuiiLu jLuVl ^c. Lj ^ujjIa 

i,u/»'ifl JjLcuj i ^Lqjj a Lflj ^A-o Lc. Jj-fl * \A1£ (^ < ^ 141 J^Luo 

aJjl^l ujL^IIL 4j(_ij ^Jl \ ^ • Y ^J-O ‘ I Ii\ 1 11 J ill ,o( i I ALjjl jlluul 

tf 

^ijjUk oljU-k I t i'll a 4- Jt- o Lk J-a-C. J_flj < \*\ • ^ aLc. j-iLu <JjjjJ I 

<>^1 OjliiJ 4 i «<J> A Caiai 4. i ut m if I Jri i f I 4 miji ^ 11 4_l_^J (jl_ a t Lqjjij 

• ^yy j. i^a» p 1 ala.il I 4 >a > L_u 4 a nj‘i A 

IjuIj ^LaLt-a ^xj i^ Ij-flii <fljfULI 43>llJl <O^LaL*_a 4 jljj| JjjLlitijl oVjljLa a iATi 
1 + JUa ^a L)l t£U *^1 f ^ljill uJLftjJ f~ > 1.44. a ^J-A^ ^J| I £_=k^J « 

^j-oj 4iL-<a| J^jLuJtkuj <J| c_iAJ Loj <4-i£,l^ft Cj LlI I 4j^Cu J..l-kj 4oiaj 4 _Ll^J 4j| 

. ^ ^ <jLj]I aLua. 4 -Lxj J/i nil jLuVl J^i. Jju 4k-J 11 a 


jLuVI jjc. LaLaj J fl~i » »o <j^J ijLj^y I Jtxjj Jxj ^2>-ajll (jl cl^l^ <<-ULtuJI 6 j$_i _^»VI 

I j flo <_xclj_aJI <J>UI jLajVI £_* JJuJI Ijjfc 4jJ £)jl ~ • ■[ <J J-U‘| AiaaJI 

4 1.1 m' jl 4_p-ajj r<IxJ “«J La j| ^ l^-A ^jJI J^aJjll j^AJ cUA > 

oUjVI N+T <j\u Jnjjj (j| cJLSj I ilUoJ Ijj^sjj oiUj JXj wtljlI 1 ... 1X C^aLiJI 

I fl ■> Jjut <1^J jLuia ijia-i u 1 -k ^ a uiJ lj xj tJJj ■ jL*-il <JUjl <i'ua ^Lalij <jjJaj Lain 

— VIa Jja-^ jLJLI jkujjj -LaJ( <S^jUaJ jl LLjJ 


43 




et -U4. * L^_j j-a ^JJ <iAn 1 iUaj J^o 4 -L*jJI 6 J-A ^A-uJ jxjjjj 1 lv^ J j ^ > i jl dllj 

i jA CuK jj I Ijj t \ *\ \ \ ^ Ir. ^yA ^J-<lA jj \ • ^ya <luus <h.rkl Jj-aj <J aV i 4jJc J-Aj 

.world line" InfJI a Jc jlki UA.11 |jj& . ojISjj a^&^c. La jjoj-4 

. ^1—Y J^^*) ^Lj * I < Aa if* 



tlj-iJI jLljVI <..ii ct« aa * ^JiLiJ Jcl^J jjju^ki —\ (1—Y 

JIoj (}Li-a <jLj) La 5Lj^. <1^j ^jj^JI JoiJI « ^iaVl jJ-aJJ 5j^LjJI 


Y p -j.ii . ^ Jlj tCxi^JI Jl^ia £-*-o>ll fjuAi 


JBLi \ p i-u I —«_> . 4 -Jo^J (J^ 

0S5JI jj^a £a V (^J| J 6-® ^ 
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jj.A i ojjx.Llii JSLaIS a \ 11 m\1 1 £j^ jUil j-=*.1 (jl 

^ # * / 

6JlA ^ ft * (jtiJaiU jo <iL^o I jLkjj v <ijlxlLd < Ilaxo LfljL w a-i 

^spacetime (olSLa^JI jl) jbuVl jj-alil £1jUJ metric" jl <JjUII 

<geOCJiSic" j-a.nlA*ilI jl < ^ i ug Jij i ^ Jl 1 1 f Jl ^ UoJ Lu-a j * n fl I <jl L a . ^ 

t ^J-ui | c-fi 1 flip ^Jc. | jpr Uiu-o j | jjj IS I p fj^uj jfl * an jwe li* ul <j Li yJai Ijj 

<5j jlaJ 1 ^jn^Jn j .£ijjcli ifl <JJLjl-o j-ft 4_»L-aA. a jjlmA JaA jJb | ^unI Lfl 

jS-o-i jLuVI jJoj-u- 6 fcr,-|l <Jj $ iJ o—Y I 

jxjoj j ^Jjia {jC. (jpJaAJ <jU <iL_ulI ^1 <,n-% 4iJAuilI L^jLljIwLj <U&f 

. LjlUl <iLJU jjh 6 jojj <oL* jIJ^». y I &J* Lo-A 5 Lx-L-o 



d iLuJLl oLtu^k. I (jGJaiol *Uj-Jdij l^J l oLulj I jVl«-> Cj“^ ^0 —Y JSjlu^ 

i (JjunVI <JLaj Vj < SjcLS jaxlaJj SjjIjII ^jLfl t l £ . o 1 xu 

<jL)jJcJI qLi" .«i>ftl.l u»Kn JjL JJ-^4 CjLjIj^VI JJjf tjl 1 ^ 4 n j-Afl 

<iLuJLl ^plc. i 1$ a jlm j j-Uj £—a dh® jiSfj) jUjSU 

. Jaii (jl^il 
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jjt '*fc a <J^L» t <iL t jbuVI p 1 1 A fill A i t ii it La i-t J I ^>xiAj J * « 

i jLuVl ( jX.L>j p l *A fl J^-jI “i iti'uj itjLa—o (jtU'ij . ^-lirj ^jLjuoj > i.u 

: j^-A p!—lA—HI Ijjh jl * ij cJIj ^Jc-j • u P A j j j—*-» < fll iAL 

4—HI—*_« j 1 1 XiJ < t fl ~ I <1 < (Ji—*-u l/^Jc I f i fl 1 'V /j* I a I t jl j ujy/ljuj 

4 Mljifl II ^ W III^JJ <Jj_Uj til I *0^1,11 J^JL_lLx-> L^Uj-Q A A^^o lll «UjlAill fljS [\ A 

. <AJjVl jLuVl ^1 3-uLaj^JI 
} „ 

LJj *1 fl I (_y^« 6^.1r> a i J. I L ya [ a \ 'i Ij (jAjll ** 1 1^.1 jj ju£XJ £C-u£kjl jjlj ^JaJU 

^X.Ljj I p LlAjbJ I jjjJ I JjL I |^Li ti*i ,il CjV JL*_-o (Jj-flj < pj) i nl I <Cj-uj ^j- 0 I 

IjJl < i 4uillL ^j£Jj * j-lJLjj V OjIj J) t i U» ^ya A Vn i u i (_£ jJ I 

f r ' 

. -U1 I clUjJ LAj^JU (JI^-LjVI jIju| u T. ft^gij ^jlo^JI JjlaJI JoAi <dJ 



Li£Jj jJjjJI ^Jc J t » 1 ^l^_ft]l jjJj i.iJ j A fill Jj-u Y 

. ^ji=u ^ I jA V I (jju-il I j-A ^j\ jx i. t . t 

j-ii 11 HjJa <j I jj-fl jjJj — Y i a ij CaJL^ l^ i i A fl 

4 QijUl I a i * < J^klil ^-uLj <jj < 4 a ifli.ll LjjQ j < 4_lJI j I n i ll <-Jjl J ^-o 

^2>C j ^ I^U I JIjlj (j I Jjlj (^Vj < n i ** il I 4 >j,U \ 11 jLuVI ^xi-J j Uu 

. <JUjVl jlauVl jj-lilLI jjjLj 

^_utl I J-ftUIl jilti <JjL*i I < A a i flia Ij f<ja^-a iiL-ol ^ 5 li.» iSjii 
j t*i..t-i Jjl t j- < v-a i V IjJj < 4-i < L_ul^-l I <JUjVl jLjljVI j A * \ I i vixi <La1Liuj I {jC. 
£/-aJ rcJLJI p 1 iA ftl I i j-o U^lj j - ju <pl iA.fl.ll * A ^ “V ^ 

jJ^II (J^-Ls 4j-^-!j f I 4 ji-oSLu < JjJaJI JJ ajj ‘ J J ft*>J < ^j t i ij 

. LuQ Jiij <sujVI jLuVl ^ 
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Li dJj ^f I <£jjm Lu Ij ^ 0^ .j . It -^ ^ J - ®I o I L^ 

t “i Ijji lH j, a U“i V i a * I I j_^Jj * ^_a Ji <jL a_i^G 4i( j ii.o LL 6 I^JI LiiI 

. Pj-L-oJ I l >^j| t Q i i~1 1f -j ■ »i V I *LLLuilJ I ^j^lajJ I 

j*Lc LujiLtU11 6 j-a-3 1 a-q 4 -UjluIII 4j^Ulll ^ i.u£ jCia Js-lau ii ^_La JjBj 

Lb Ijj I 4xoJ&V I ^.lc, p^-l-oJ I rv^aJ] 4-La^LxiflV I 4jLa-K ^jJLfcj <4jl_flj <J_uJl « \ ^ • A 

: uX>A^ 4^J J| <l>^ c 'J-‘- u c^b * ^LxjVI j\54-ai 

J-5 !,J P La A ft] I {jc. ^La Lo I I ^ —j L | ^2] I tl | 

lJJj ^ftj #4—ul j j » QII < ila.a 11 CJjLaJiJI {ja cA aj 
<G I jji (^ 4 j I jj p LA-flJ Li < 4 >j, ^ A j 1 a ~i t ^ 11 i L^fl 

4. ft i Askl I (J-lauJ 1 AfrAA ^-ftjjJj < LlaIi^LLi I Lo^_i 

. L^lii «Loj(i 

{jA 4jj 4 ^^ 4 nft j ^i l 4 lAUjjj^ II <aJLsL-oiJ ^ L" aVI ^2)-® Ij-U^ J -*- 1 ^ Ij^lj ^jl 

^-Ic. lij^-C 4 a i li i ^jL I jJ t1 1 J Oj_Jl ji-Z J ftl . —lai^J I JjJL LLil—A-u 4 *i ft i 

^i J < Aft II 45ljjl £a 4.a^>L~ k 4 4_jl_o J^jIjLL. ^1 jxlt.i Lo jjIx^-uj 4iSJj <oLlaAU^]I 

4 /^ L. - k 11 tiLL A a.i jl 1 4_j_»j h uJ ^ i j .l 11 < n-fl^^L-a j»j < ^ ^_=k.^j 4j^ ^ 44*1 j 

4-1 IJ-X^ ( N ^ Lc UUJ ^ L^J ((i tlA 4-3LJ3 L_ZW £jA 6 Ij^Jl^ji] jJj| ^C_1_0 6 j_iai Li_o 

. La JjJbti] 


\ S A pL-^ft]L 4 ,u~* \ AJ I jUjj ti^Jk p Al .,.! J_fl ^^jLAi_ftj^lo LS I j I <j| ^-lr 

4- > \ -1.14 k11 4 Ij U J I 4 _ujji^J 4 Lfl L_=k I “ -v ^ j^j ^ lo t 4 “ . .._**» ^ I L "V I j ^J[ 4 _iLft 1 J l_ 3 uV I 

£-1 Ij A ■* i 4_fl 1 a ^ > 1 ^j_A ^j_-oV I ^-ft Lo 4 l la .4 <t .o p I ■ A ol | j * * < 4 1 \ iJa| 4 «I A.11 
4Xo Lju J-ic VI <4 J-ilfl V I jjC jjLojj 4 hi. La^ I ijjLxouj gj ^ 1 |Jj . 4if Ijll I 4 1 j.i »|j II 
clUJj 4 J)l A Atij^a^ j>jJ-5j l 4fljJ ia> ^i 4 -La i-o Z J-cL-ull Jj CajL$ L-Aj 4pI 4 A fill jjS j ^_o 

. <aLJ| <0^11 J Q,I ^ 
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: jjLliiui jj 

<j I nt t l-Ajj ^ k OAj ^ ItJ I jjkj d J-Jj 4-i-«a LaJ ( < > i i nil I 5-ijki] I OjL 

uyl^jfl CAf LmlI Icj-flXa i AjaC tlllij jklil I 4 J ^Jjhitinl J LQJi > 

< J^LLLij <j ^Lfll aJ_Jj O-iL <_a(jl!I <.iixi4 jJ 1 4-ijlcu.l I <jl jJLLi ^ ^ pj 1 Al I 

jj_5 jJ oi Lj La Lx (j 4 j 11 a Al jj_lj <jl <J jkJI 6J_^J (jL* LaJj <j| ^ jJLaj 

^mfln Qwi A Lu JaJj . \ ^ • *\ ^ (x ^ I^j O^ LkX Ca 4 joj <j I 1 14 tj n V 

L 0 < -k jA.Lj ^ l^j I I j_A Jjl I (_£jl f <_LiLlu <Jjii I 6 JLA 

^j-illiiaij 4-ijkj Cvr^^Axi i .& if\ ix}*' >J 14 «* 1 CA 3 ^ j^ jL^idl 4 a <j lJj-S <jl t iChi-a~i 11 

• JU-VI 

311 ^ l^i I <-ijk_j oik 1 Jj# Jj>xxt^Lj ^HJ-U £/-l ^i=>jl xlll I ^jl 

iJjL 1 <j 1 Lu |j LU j 1 L»j t j jIajI I ^x.ji *n * ^AflLi <-oi jjlj j*J I ^4 j I 

f 

t( >UxALj]l <Jcu-uI jj 6 j-a Jj-o I Q-^jk J£ 111 L 3 -^ SjJ^A O-jL ^jJ^jJxaJI <j^a]I 

p i iA fl c- ,jjj ^jjLlxujI <-ijk il ^ 4 uJ jl^ 11 1 uLJJ C'^ a 01 *^3^^ 0“<J 

L i <JjLl ^jl, a < «ij^-a> L^ 4 ^-k-I) ^/_lLsL^ l I J-^lj (J Lzw c_x^ L a n (jL ^1^ 4 4i . a 

^_A «LaL*J I < t ii a il I < »jJ q* 11 (j^ixAL^JI <■ j -kj (j - *"® * (3^ ^ ^ 0L3^ ^ ] A.J^aJ I 

1^11 ^y& (SS* t -A x 5^ jU ) Lfl ^ * i 1 la JI j!Lo I < p l^jjuuJ p J^xjj <x^ Li L LAj x^iT. J^kj 

Vj I j-A o( 1 w 14 111 oI^Lx ajjLi LjL LjajLu 1 .ALJI ^ji 

^aVl ^1 A fl_lfl^ ^.L ^l^ll Ha ^jiidUjLjj 4 I j| 6jLi-fc 1 (A aJjL a ^jV I ^11 (jjJi jj 

* 

,S«s. >t Lj ^a 1 j tw i.ik > 

j-i <.iiajx < 1 lAL^JI 6jh*ill < i4ii*ilL ^_iL_Lu] 6 \ fl~fcXI L <j I ^Jc. 

o-iL i jLc <J i^xuj V LujL J a r < l a i^ i <xul ixiaI jxa (pLi^ijJI 

a Lxl X 4 41 i i^j <j| ^ stjJ-a-4 ^jl a l Lax JjLxxi 6Jxlj <-i_oLJ I A \ \ mill <Jjkj 
I J « -a ^jj**l I ^J p^ 4 S\ 11 ijjmj JjLu Aj-Jj LL*JI 4 I i i till I O-jLj <P^ 4 1^ 11 

£j- 1Luiui] ^(11 4 <-4^aLaJI 4.11 4 iiiJ1 ^i<ij Qflj vill a JJb Ojj-» ill • LLLa 

. 0xiXU ^kl^xl <JLX4ii <JUO ^Vl '_'l L“ 4 LuL, J\ A .... II 4lllJaJ 


i«j <Ja^JI j" a ‘ ijA Jill j| «<Jj$jI( ji J . J <*t I yiai^ill ^JLjJ I j-A illlji \ 


I 0-4Lilli £jl ^ j<~ « < I<a(-^JI < I t «.M*klt jtial ^ J I^tl 1 'uia‘h ^L Vlj l o -^ 4 j*-o ll^ljx^ 

■ “ 


48 




if. j « Al l <£. jjuj cjjlij Citc.j-1-uJ jJ-oV I jJ-U i I < 1 mi'll I Lja^j 

j , x .. a“ ^>c. j i L^j-juaj Cj<^ LjL <jl£ j5j < a Lz^jV !j j I jit I 4JL Lj I fl \K !j 

ja_Ju <ju Lj_J I <ic (£«il(j) ^j L im I I <JLx ~i_ia a lj OyJ Lw jj*VI 

jjfci ■ - ‘^ “ |fc I II J1 <J L*J < ^ La -0 V I ^pfl J | 1 (| A I J I 5-Cj—iJ I < A .-A. fl 

LaJh I (j I \ *\ • V Ic. <J^Lcl ^jJ 111 tj.i >1 a»j > jLL jflj . 4_jj j LJ I 

li ut ^ ^JLJI 1 kA d a Ojl^JI ^ J 

. "equivalence ^jUllI" 

| Jjaj ^y-i I ~> i.tj *> i } J i La -fit Jj I J.a a £-o ^1 <tul a J 

^Jc LL_4 .Ai 4xai Aj p^i.1 jiLuu ‘ ^ L*. V ill J a j JLI 1.1 u fl <^—kJ Jt_a_il I 

tLiii ji <j J x ** a> ^ 11 J I ln.i^-1 cA^j -i£ u& J La£ * -t a I I 

4_ujLJIj ^jLuJI | JJj ^ya inn < Lo Sj^i £-a Li-i^^. cJjLlj j5 4-LjjLJI £j\ Lq^ 

JjuaJL La^-jj JJj 'yA *t}j A I In nlmj fj\ SjL-Sh 6jln^. L^JiSlij ( jJjj iU La I a () \ii 
ji jjulJLI <j jJjJlI JjIUI ,j\ t ijjjU IjJ I j-jj Jlia u Uajj I 

Jo^JI ja-i.tu ufi^uj p^LI (j|^ <4jjl^ll £J-o LT^ JiLuj C ila i Jj 

. tjj^il |ih I Jaj I <J Lw 5 < <Lu L^J I IJ 4^jJ I j 

SjaVI c^LJlii^KJI J-^. ( ^-O jJ-U3 P^ La-JJ i±jJ-=^i ^OJI La 

j^a <j_uUI ^| ^La_iJI Ll^wjL^ Lil^a <p xil< h.q ^ji j IjulU <j| 

j_i I (j i\ t Aji ^Lfl <<lul^JI Lfai j-J-t t_^JI <-* 1^311 5^i-ftJI ^pi <j| (^L=kJ 

^jjG p 1W \ j lj 4djLuaa lj la. 1 1 ji ^buill C>^>3 ^ UuiJL j.Uifl * La linn Q^jaJ 

. <_uj(_JJ 


jj V ixijLJl <p^pjJI ^*aj ii~k LoJi ^jL-JI^ <LujLJI ^i ^1a uilj < j_Icj 

Jca^i ajjJ I <JU. ^pfl <AJjLJI 4jl ulLl^aL <jI La^j i pj<A ll UL?^ 1 oL? 

laA i n i p^-fcl* Ja-^k 1 fl ( (-A J ^ J-C <JLk. ^-fl t^J LuLua I ^plaXJ tlL^a 1 <^-J I 

. Y ftJfcliALa <j$^-a <]U. JiuiV 


^9 



4. l.ft-MI > 


j_uLjJI (J.I Q > ^ InVtl I ^jl III i l Ij ^- Ul i ^V— Y i T i^ 


, * 

4.^ i~ii 4_i J-U LLfl « lli Ij LqS lc^i-o pji Al I (■ L JjaI I O^ 1 
^y I "i i ii'i t) LaI l^aj ^jJI uLiLuaII O-Lc I 4 fl i i^h ( i All d i j ..-vl I 4 ~ >^ U ij iujLJI 

j_liJU Jjl VI t i-j^LujVl jjjjJaj c^o-rv \ I jjjLaJI jni \ <_JJLlIJI I J-ii, 1-fl.tiL-vi 

| J_fl ,>11^1 (jLS aj iiJI p L/v JI < CjLul I 4_j I x^i jl I 

4 *j U *H 6 JjA CjL>( 4 J < I 4 i mi *tll *■ ^j!■■■ »Mj <j_»jUJ| ^y. <Lt£ 4_ijJeL» 

Jjt-^ La jJ jjJftll liJhj (^j_u 4 tjU i ^Jc, pL U \ Yi i nil uflJI_ pL^iVI jJJ ^ lu 

N ^ ^Lc VI ^ jja I j_A 1 L>j L-J L eCi d i Li I 


4 Sj 1A"| y j_Lj ^_fl LLaLixJ ^y i~l <ti\ \'\ J_lj 4-JjLuJI |j La <j^Lc.l J_JU Cjlj friu » 

Ijj ^jl*i ««t n] 6^J~cu JjLjj £-a£ Lxj-uVI l ya J_iJjlI <JJ j * I J-lLI IJ-A ^^Jlc 4 -ua mJ frA 
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j tl^ V ljxL_u-o jaj njj-i 4jLaL^ ( ^-fl j-uaLu^ Vj| <4_ua_j Jt^VI c-m-oILL I ya jijxll iLlu 
y Lh JjV I 4 jjL» 33j ‘^$-a-u 4 j^_*-u| CuL£j ■ ^ lx.j_fljLa IjLLlxiI j*-i r£jJJj 

jjL$ ^LLlIIjI jjI *lK I j-A fjj* jjjfcVI ^ N ♦ ^Lc Jjljjj p Lahi ^ < ^ *\ • £ ^Lx 

dllj p Llj I I a.i1-l>lj> Jj5Li |*Jfl / 4 t A*\ 11 <j^ia_JI «cl) (jj| ^ L^-J I ^xulall jjJ&ilLi Ij) » itt n 

V! 4_u jLJI (Jia. ^Jj JJU ^aJ UjuJI IJ^Jj f 4xi j LaJI ^yt 6 JuJra. 4j^Jaj ;J^I {y* (J 1 1 A-ill 
N \ \ N jk lx. ^ I^j dll j <j l£j < JjJ J Hfl 4 i a5kl I ^J8 4 j Lxj I pboj <j I Jxj 






p i^l I p (i1 J^xaJoj ii.1 

cr^U^ iti > £jX a “it I ^j-a c__lj^-5 £_5jxa £ _jXhj < (jii a-iJuJ I ^j-a ^j^il Li 6^jyA ^Jx 

a.lij . \ A. \ a lx ^dljj <jLa>^ ^LLVl jj cr L U/n i.il jJa (^dllj * Chjh^ 
# #’ 

jjl ijJfc dll J Lu j ijj-oj <Jli ^jja jJjj 4j ^Lfi La_i jvJlx j_LX 4 f * ui ,_. I >.. *1 * ugj| 

6 ol j L-*n_i_iV I IxuiL^ jj l^ 4 a u£j yA 4j I Jj-0 ^X^J I dliL^j-a 6y LiX juqJ I 

lojuii IIj « 4_L I Laa, A 4 i ■ t. ^c_i I ~ tl | Op Lxa. JXj ^! O Lj ( o^w I 1 j tnli p^_i_AJ I | 

p IjjJI 6^Jc. 1 \\\ n L$ 4 j | JjV I <_JI «a *kl I 4-jJfi. ^-aj ^ jjI ^LuuVI &1 <LijjJa 

^j-a JJX ^-a 2 i t>lj | L^ N \ \ \ ja.Lx i 4_u j I -w II 4 

Lj— flj-=k. L£j <^ r U m 1 ,1 p t aJ* A11 ^-a ^jJLlil 6 J 1 * 11 CjVjLjlII 

. p^t ^ ll pLmI ^j-a ^uajxII JwiSJI iiLojll i ji^Ila 

r j^LJI 4 jI jl ^-fl JIa jjl JL*j < ^jjjj ^11 JjjLiiiljl jlx ijj-a. Jji ,AM j^ aVl CjIJjj 

Juoj La f La lx j^.. 7 x I jLLa 4 j La-o 6 j lx I I Jiajl I L. tLdt t j (j l^»J 

■ ..lj> a CjLiu-oLj^IIj p Lj^_laJ J ^uij ^jxi^jj t.u^io ^Jl Jjuaj ji ^ I ^ 1 “JJ ^ 

4J^jixjj j*Xj <4-> J ilfl i t ^y I ii.txAi] 6j i,i iifl ^jiiSCf ^Jx f ^ I 6^-U4LO i *~» t K JiJ 

J * > J ^r . -i—flj < d-A. Ij j^Lxj 1 l.i. t fcj i] Cy-u I .4jL*J 1 6j^ La x.u^a^,.aJl 


* 4i yc. y \ ^ t < LlMI 4jiJaJ 4_cuI 

^ ^ ^ ^ I - W ar ^ • V lx <J i'&\ JjJ I lx.jfl*i a 1J LLuu I JoLiul I I J^J 4-\ u 'fj 

‘ CJ^j iJl ^y Ll_i_xi_u j p I^X L i_ t.i, v>\l, I ^-fl <laL u i j | Jjj ( Ij 4li Ql I 

^UJI 6jLLI 4 _j jj <yy LUx <jl^ . N^NX^Ix i ^_Jj(jJI L^_L^j ^HlI 

< 4_*_jLU I 4 i^fli ^ 4. ^i L^11 ^uLljjVI 4^nlu <4-u jLaJI 4La 1^~ a 4_»^1a J 

Jj Sa <(JxLA ij La TdJIjjl 4ifljJ i^i 4^ -kj pljlll t dJlj J_JLJ 
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4 M j . A j ^ill ^jjLuuVl Jjl 6^ 1 1 i o -ljI dljJl J-Sl • ^ Iflf Cj J-Lfl Vjj 

^ JjL-i ^Jj <<K itil I ij^-t J-fl 4 ^JauiV I i i <nj (Oil 4-JI i >j | ^iJ Ijj 

4j_uJ-L^J I 6"° f\y* X 4 t J < 6 I ^ I * I 4j^J rJjLoJj 4-XAIJ lA ^jx. Ll 1 X 

^Jx 6jj(_fl 4 -uLqj )JI 4 m H O-i^jl 4 ±JLjl*i JflI . 4 jJ| 4jj -yl t_i ui.u ^yJhj <41 . l Jo 1^1.11 

O^jJ I ^Aaj uila!i ^-aV I ^X-jj • ^j| 4-lal m \\ 4jL^VI C* L=xj < ^ lK.i.u-o lU 

6 I 4^kjjJ < LyLaii j ^x La I ^J-oV 1 u Li O-^x.lfl 6 ^-lai LJl I 4j UV I 6 I V I c Jiin LftjJ I i _«11^~ 1 

6^1 lijj <4 _lj j 1-kll 4im\lL 4 a.i1^x j^oVl 6] (jnUi iir I 4fl.i-\i^~> Jl > w u5Li 

. 4j-aj-a£. oVjlxll (Jju^jlll dLij ^Jx ^Illi < IxjjA a 

6-o J£ pljJill) ^- i ^i ll 6^-°6^ u^j-^ 6f' 

6^ L*il I 4 V> Ij * \ \ \ V jx lx 4f*yiiti-o 4 uaj 4ij^j dll J t (6'°!^ !j p LiAa) I 

^3-Aj 4 \ ^ \ 1 jX lx ^k lfl 1 lfl JiAlil I J^Jtl J" 1 *j ^jLauJli] (J^J^LxI I 

^J-ol^iI ilIj ^jujjJ xlI 4-o^__o 6-o lie.I 6-- 11 * 4 jI jt I 4_ojL jLa ■ *• aa!I 6-° ctuaoa 

^ lx. <jL cl-lju slij ^Jl 4ilj^j| 6-0 LaJh.LfrX ^Jx 61-o■*■«‘<SL^ jV 

. AJjAaI <_qL*JI 4 iLUilll 6^-LjLXija 6 J LecaJLll 

I 4j-ajjl5£| ^i CjLioiLx. lj <_ji <JjJalll 6-° 4-ul^-lJI 6jji^llI Cua^jj 
1^ fcfl Llo^. i Lo <1 (^ol *Aa 4 > jU‘i(Ij . N \ \ *\ jxLx Cl* ilnj < \ ^ \ 0 ^xLc. J t 

i-va! 1 p 1 i Aflll i jLco^l 4 uLxjj1I < aaiJ 11 ^j-y 1 ii.7*\ >| a I 4 v.fl Lie .jxljjji ^i 

jj-fl 4 lift i 6^ i ^1 dlfi^ p 11 Aflll 4jJb J "V i ^jjjjajJkA I Jlo 1 aimv Lo^rx ^j| 

^j<Li J^l ^r.la.i.<JI I JlA ^Jx (j* ~ L* fl 1 6- 1 4iL ilajuO ^^xilj «4iji Ci* 4i*>j Ijl ^ Uf Ua ^c_Lxx*i 
‘O 1 ‘*j4j J liiLi-u «La1x llflllnl (jjiJ I 11 Jj LjjX; l (a tftuua llrA 

^ Lull j( i il A ^Jl diij qu^JLU 6^jujJ < J Lx iV I P I i A flj 1 ^Jc ^ikii P^y.i.tJ I ^Jiift 1 

pllzkjl t jitl i^l jJ5 ^Llxi.1 61 Ijj 6 Lu^Jj . ^ A—X nij p 1 i A a 11 p^. i Al I 

*9- . 

i i .>Aj i 6I 6* I ^ P I ^ L p Lu 4 aj i n^lI jxVI 6-o q^*aJI 

4 <jU tlI 41-i a 6j^-*j <j i>1 "ill ^lnt i 4\ a iA fill p^JI p I6^1 6 J ^ 1 Al 1 J_5j 

p 11*1 iV 1 i^uLlA fjlA u> i ii!I . • ^ 61a ^Jx 6 J S )- U ^1 ^ 6 *jua jjb 4LK 

4j 1_^_i 6 -I *- 1 61 v—i^^JL 1 1 ^iJ I ^-aV I *6-4^ ilj 6 j Lxm1j j ^-o ^il^j N ^ ^ ^.Lc 

• 3^ ^ (jr* 6^ f4j ‘<fjiLaJ 64fcH 


iiL^I >* ‘ilA^A ^-° 6 ^ 4 ; c5 


;jJI jJk » Lirk WI ^4 t^i flJ I (j I (^) 
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i p 1W *> j ^JqLL-o ^c-U-m ^_Lc jj cA^ (Jj. i *i J1 ^ 4 i i ^ 11 ^ > i ^su (A—Y j5Li) 

. <Iii*ilI fl^Vl <LlAj La <illj JjLcu 

LajjA til L-A jl . 4_i_l jL^JJ jjjj L£ jJb 4 fli 0 -v 4-LjLA_J Lo 

-J PJ i All P LirwJ Lfl .LoLjJI ^Jjl ~i,.i,.t» ill <,.H JLiAJj 4 U > , ■■ <11 


p Ll^jV ^xlu ‘UjjLJI l~u (^ I j I <j| ji 4 Q t a -v 6 jLl1cI d ^jll ^_oV I t |Ju4muJI 

I-* (j fl 4 n^* II j-uj-lll ^-A 6 S 1 >^J I Jjjur> ^jLi ( jLxjVI ^£.Lj jLSLo^JI 

( j\l. i jjJ^ A I j5 LAj p Ll^VI ill) j {jA <jL»-U 4 ti_L t-lr~% 6 j l J-ucu Jr> iY> i «>j Jj^LaII 

fj | j_a 4 tAj-fl ^jl < 4-jjjLJI a. 1A o jj */"> i (^ji JjudL ^ 1 Aj JJB < 

JjjjLa £-loj 4-ujL^JI ^jl Ij-A 4 -v t "> '.J i4_ujLaJI I,t > i ni Lo ^jl^o^ll p Llz^j) 

JjuI Jj-fl ^-A 4_i_> j LJI ^ J-A JA looJuia] JU J^j&IIa < *11 £JJjlll 

. lAjj-uj La JI j Laj JA <G| JZl\j I 4-LlA^J I {jC. La 

t K*>I Ij 6 JLt I (jK-i JIjA uAj ^_A oV I I j-A 4_Ajjia ^*-A A 

I 4_l£. gTi-tJ Lous tjLii a o u^ 1 (jli u*^ ^I tA~ »| joi_» ajUI Jjj^Ja 

^jC. JA (j — ^^-i-uLaJ I) 4n ixta A r 4 11.1 n*i <1i *j, W A 4 * j i U 
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616 j LLI jilfl < <2x3^ ^ Cy* ^ < - j * 11 " k, . > 4^ 1 " > -k . a — 4 1 x i iA <jj jlj-c. lii_a o 1~» LLa 

l^j ifl jxl i II 1 dJj <-»JjI (Jj I Jj J fl_ i K IaS J^L ^J4i-J ^jlia^ll 

^pLu ill ( 4_a^ (JLa ^J_fl| Ja^ Uk^ l fl -J| j I n U <j| (jp^ ^ J j) a ^ 11 Lfl-da 

* ic, 4_L_i-u Ijp ^ ^ * r<fl*-«kl I 4j Lc. 4_U j^£. L tfl 01 t ft4> ^JjJa ^jC. Cj \j Lul I 4 j_A J Ij) L I 

, i* ^ 

*L^V ^ llaj V jlj-o L$j£ jl LLflLuj Ij^k "v jj£lj 4* ioj ££jJI (JjL^alilJI 

Ajlil j i~^“i t < luL-a ^laJi 4^ fl ^j (2h°J ■ L^-l ^ t j j Ini I <3i>laJI i > ^fl-fl t O LLu^xl I A j_A 

. jJ-ujj Ajlil jj'kjj c ^1^11 V ^lia^l 

pile'll Ufl fl ijjJ -w Vl V Ljj (jiJjjJI (_>ua-lil J—ILJlJ <11 * A 4 I n Al <j| ^Jc 

liljj <P l lAiJ 1 ^_fl ^-Li-0 ^-L^XO fJb ^-JL-A ^)4ta itlll ^jLuJ-A <jl * P La fl 1 1 

1 U-v ^ fl QjtJflj J fl 4_u jLaJl 4 -v > p lxaid I pLuxjI J 1 nl ^..i~k.il I I j-A CjjJ_uXj 

ij. i*vL(J aa 4_uL A-fll I CjL$jJL Ij <J-i <p^. aAIL fi <^iauJI jj^-a * l-- 1 ^ &!I OI jj^xi 

^>a }L£ <jl Aj-^jj J 1 It La ^ <-u .ft A Till ^Uo-lll I..1 -i Jti ^1 L- 1~1 L^LioL 

jAj-i p^jlAII <_c,j_i_u J^al ju LU^J ■ ^ L^aLk LiJ 5 ^ l,Jn.rk ^ > ~n joa i ~J I j 

cr® ^ 1 4 » La-S jliajJI ^ 4 ^-°^ I *J-?J I 

J^a^J I 6 L^J I ^-fl UajL n o I -LkJ I ^ Lfl * 4—a I—*J I 4 i X 4 4ilJ 1 4-1^ It. ill jJaLi I 

^ i^h ia L ju^l fjnn <t>ll ^^kjSU ^ 1 ■! I LI I ^Lfl vlllj <4 Jj J^Li 4j j i n i 

^JlU <1j+uJ ^”“V J^L..ti .p ( 1 Aflll 4 JLLa 4a^Jj Uaj^Uaa Lj jl^v ^Jj * 1 flU 1 a 

^ 1 y\ < «P 1 | ^j-a 1 4 fl 1 a j II oJjj JjLaj ^_i I _cu 1 i.ij-i p^ iAJI ^jl . 

f 4_a_i_flJ 0 Y 1 (| L i -v a 4^-11J i jha .t.uJ I 4 jij j ^jL fl I jJj 

1 4_xjj-»-o 4kiaj 4*iajfl La ^jlia^l J^Lx *Jj "kVt L^_j| ^I *<ial^ <kuj ^j_fl jj^ajV I ^ (] * Lq t 
*\Y J^a JjLj 4J-Urk 4J if* O * 1 ^ 4 aj ujj (^^Jl (jqj -L^J I ^l « . a j 

. ^> jLq j jjfl 4j-a LftJ | 
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»“ *iI .ln^klI jl i it-Q —X itj^ 


f ^j-L^jJI J^iJLI ^-fl t AiSl 4 Ai A 1 U~k O^jVl Cj-OjLU^I LjTtAil A jjlio^ll jJ 

^JLJI JjjjXaJ I I-LA i!l»A~k i i U^l 1 l-l^J i—fl-i-fl-la f- L^i ( ^_A jiiAi.lJI JjLfl 

^!t£| jl t <JlS ji£| Laj^k. <_11Uu j-oV I jjU f^L^I i^wjjb c- 1 1 Aflll J)U*i i La| .U.I 


^uAu Ji yA (<iK 


I (jc. IjjjJaj jxj,fl j ^jJjl]I <_i Aj jLSj ^J| Li inii| jL <LLa ( *_uL-u| 6J£ Jjl» 

<_J~q ^ ^o Lj t, (Jjl lj_A jLSL 6 j_A Ji_a <■ fti^al ^jJ I «gVj! *1 

4-4 Laj jJ^jLJI \jL ^ jil i JjJ Lu-ti-lj] ^yA 4o£Jj Ijj t 111 1 I 6 jJh Ltoi 

^ j i-A ^ 5 cJJj j-ju jl io - I *O f I ^jI 6jjJj <«U <L-ujl <ti fjc. 

. ^.IjjuuJ^J 4*1 iJ.a t ^ fl i tj~u ii n 


: jjilll .xi-UJjjjLLui 

4__^»LLll <jVjL*-o jkli ^jJI ^3-4 j»J <j-> 1 ~w u'i t] Sl^LLa L^JaJ 

<j-o ^>11 l)I df—* £■*-**>* oVjLxII 4 4—oLlJI 4 a i .inlL 
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J? 

■ Liflt ill 4a Lt In t U i icml 4jajljoll djVjLstil i^yo 4.X.J r,-y.-et < jLnal I Jj. fl -^11 

st 

la I A,irt <_yul d^ l I till J <j Lfl t Lfjj-i r^j I 6 J LLI * M jiit all I <j liojJ I dl^Jj 

t 'uLliUI otftKll jjjJ ^Ls ^ytLj <cuiii < 3 ala_Juijj <Lla Laa . oVjLlLI oLLaI 

t Ola Ja I^_lj ^aJ I CjI a KJI Lua^ iTi j%-I< i <j | * ^-LaJ 1 CiljLJuVl (jajuj 

. 4^11 6dA jL\ Ji | 

fi 

i O l^ i-L u di 4 4i t <3* l—L juli i 1 ^jja <_jj-u I t JjV I J l^jial 1 <^)-A 1—lfl —^-ul I 1dd <jLi 

JjLi ^>xi 1 a "k <jl r^ljVI <_lLLaJI L_i^_aJI j-^ij jo£. jjLa-j X-A (jLS 

^kiJ Xuaji ^-»ja5^ 4uam dljj i^l Karl Schwartzchild 

ju -tujj <s_)-**■ 1 j -tu>j-& Sjljl <^J$a ji 3 Li .4.>.» ^LJLLi) < 3 *a aJI <jA 

fLUl LuuJjA <^A II 4 ln^fc_A ^A li,i-^J i dial,jaj LflOi j*di. . ^4 xuju} 1 [j OjJ-LI 

Cxixaal Q \ ~v <Li j 4 <j^J i 4_^ ^ -v11 I <Ja-uj| j^-j i (_£di I 6 dajta OLfljJ fl.jI jl i .i a qLui aj 

. Oil ^-iJ J Li Af. 

{j • 11 4 -U) I in I J}L*. 4 * * I* 11 4 *\^ ~w 11 £_q 1 1J <J Lj Ai I ^lt dL "i^Jj I 4 j.Ti j Li 

fcVja LaaIo <^Jja dA <jli JjVl ^ til I ^AA * ( 4 a <]/A <jal i i tn il CiV jIjla ^yc. ^aju i Oj-^J 

<^A r<ja Li i<i 11 I JT^Ska <JaA 1 l^dL^. ^j-o-A < Jjj ftj K (Jj-A <4 I nfl*! <jlSj t JaA <j-o 

I (j. aJ i I ^ 1 I dA 3 < 4-jJ ilflj LC. pi « A aJ 1 4-laj.) Va 3 ^ 

<ja ijL. nl I ^-SLfl ,63-^J 6^1 fti ^^^11 cJJjU *Cul id al (J-xA <U_JaJI a»J LiVJ 4_lc- <jLijJL 

4 • . . ^sil 3 ^ n OuudLiVl 9 - liAcl ^LaI La 1 <j-» 1 *i iVni IjJa ^jLaj <j-a jau£ 

<jaj 1 ti A1 Ij IjJ I ^A < 4 Uoa l{>^ 31 ^-°jJ I 4 «<i„UA <■ <^ajI 4U t iAj 1,1 OnLjJ I 

^jLo JjA Ojij II dLt <Aia 1 ^JA I oVjIxll jflim Lijla LaAi lj_fl ^jI^jlA <j-o 
^J lall 6 J^L_lo (Ja_iA < iiuijjjlidui Qjj Qinii jjLo <3-a j»«i f (5dUJI 

^jjlall jti * J-iaI^II j_ii| < 3 -o j' J ^i ^Lll Oijlj ^aj < jxLiLi QjJUjVlj 

, 4a Lx^. <j-a dja^Vl <^A La^ojI <jjdlll L/iifc-J I <jJ-ifa 6jija 

<TLlu 1 <Jjlaa j-u uj1 1 uI <_yuAa <j_Lc. ^j^aa^-oiJ <^adJll d1 1 *_^ajL a.i,~i <J^Laa <jli 

Lo-i <4a^lflaJI (jLijj L^an j| jV 1 (jkA 1 j i lh uI I 4aajL^JI 

i^jA 1^1 LoLoa ^a^Lo jj juaxaJ I IjJb . ji^l I dac ^-ALa 4 11 ALj 4-Lx&j <^A dj-ij-o 4_tiJ I duLi 
3 Lfl t 4 Ufl il I ddJb <Jal 4 t a n il Id ^jLL V 4a I <3-* dA dLJujajLLui Ja. <jl 4 
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I j I wifl i LaJ glxA&ll ^Jq jliojll 6jfr t T»j < fl^*-u SjLLI t-fl j^jxj <iaJU 

■ Sj^J^I 6jUI SajJLJ <^1 mfl ^-Ic. JL^XfijV I 114 t JjSJI 

-LLli ljj| ^ jJj^lLfl <JLaJI A a t Jaj ilb 

J eHxj < 6 jj j-*V-t-ft 4 f"'*\ <JLa> <j| '*•«">• Jl , Lt'j*tj 1 flin £_j Lj gi.a cdJj t iu^iLj 

—» jVI ^-a. JUJ -l ix. vi»J_au Jl—lAA jV I J(j <„ j^-Lc oV I 

gravity ra- LujLJI ^Li v a^:>" ji Sohwarzchild radius ’ a «t. ^1*5 <. 1^" 

< .lLtiJjjl 1 AU La-a Ji | jlafl t j i n 6 jLa J_a ■_*<■■ lie jjJj jj-£u j^lfl diUS" 

j£. J*^xfl 11 I ££_$jJj c-flj-i-u e l i AaII jLfi i <xlLj <iaJL, 

i u \ JJj Lo_» *j}LLVI ^Jc. JI-^^V I 11a iij jJ < 

. . v-*l I 

VI lAiil Lfl < L^J <LujLJI ^IclA 1 Q ■ J I j (6j(-ll CjL xK 

‘ Cj Ij— i—a^_L£J I J_a Y , ^ 1 AjUa ». 6^-^ ^_JJ JI ^ > <=■ L iA I 

<J A I ui‘i JJ jjj -Jlj . OI j-l-o^LH I J-o *_flVj 6J£. <J S < oljlo^LSJI J-o • , AA 
^1 t J Ij-^V I a 1 a J£ ^ \ • x Y, £ jc. j Ij j <. 4 i^xi 

^ Ai iij La j)lli * jj ^lll jJaAJI LitAJ JCr Jaj 6^^ SjULI J-o Ot i^C a~i 

. I 4jCjdbAJ l~U . U J \r I <£.^4 _u *-l * » r J^J_uV I CjjjJ L I 

J 1 ! -* 3-A 4 “V. ml) 6 <L*_ujj_A 6^U.UJ ‘GLl^ia |j 

Lf-i-iuaj ^ill ^ 1 *n.* j 11 < -m,u^ a .L^LHI jLjljV) jL» iVI L O ^C- La 4 4i-A 

J-flL£-a ^JolJ J< i t i J^la 6jljl J-o ^-ulj ^jJI ^_A j.t i 

i dj^xll ^_a-j-*iJ <Jafij J-a <j^L_ula jLjlj) ^ic. _LLUI <il^ £_fij 1^ i.flj < p I < Aftll ^-fl •—Y 

. ^ajuxi j\ > A~> i <i a Jalj 


57 




fjja iiL-Jsl ^\^\a ^Jc. JaLilll 4-iU (N *—Y jSlJu) 

.j^iJ.1 Sj^JI 

Jj 1 A*j A ^JJJ-La | A .t .tl A ^_Lc ClLrft *^1 j^^Jl I I 1 A <J IjjJ C-Jj j ^Jj 

’ # 

<4 a T. /> j ^ -y <J aaj ^ 11 I 1a ^La . ^ N \ — Y 6 j^ a1 4 i i n*ilLi LaLoJ 

jc-Lxi-u-o ^1 < ji^^H {jja J\ Jju < JjuaUjuu ^1 U^JjJj £-Iaj-LiJ 

< j | g Li^WI <jU UK j| ijx *^ill Lie o*t ys %I j_i <Laj jUiI < j~i ■ 11 a 

tJ ■ ■ »a*« ^ifl . j ^ I »—I <Uj_u4J J t > <i_L J I < 4_LJj L=kJ I 6^5 ^plc. dl j (J J 

Ij-i.«i 5 U ’ilI eiUoj^ I w^.tk. “\lui 4 -*J I 4aU lIa ^| inl.I ^ L. ,,l I Lil^U 

6j!\1 LAj^J-J-^J j*\ A I <4-ixJL-A 4 fl L> *1 A ^Jj i^jll j'iTj t <Lj^Jk_u3 jljjj j I 

t, SjSJI d j-A ^ U« it ^jjUUi cjl^all Ja^JUoj *« 1 I ±i£- 

. ^Vl dlj^lhll U 
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lio Ijjjj L-» j^_j_u i i u[5-^ p 1 u A a!I p 11 ^ \ \—Y Jiti.) 


6jJ"fc.a 


f <jjjLJi ^yi <ol| L iut,; >1 oVjLJl ji-Ju^jlLju ^Lixj 

^_ul*\J 1 Jk iilL c. u 4i i .l 6jLLl i^Ui~ k t^jnfl.i.ulL£ <JL* ^_flj >^iu^all La 


if U 


k-a ^\nVi <j Ij 1 A.ui'V.fl * Ai <j| ^j-o V Jj <jLfl < Jj-u^jJ <_j-Aj ^"u rtl 

‘C&J -jL^ f^j J J[ 6^ .('Y-Y JUi) f^l5 oIj Sj-Lxj 

tjirt« *—pL l ^i VI jLl ^j jli.iJj iJ^_fl_j cjaAII jS^-o jlc £j-l^. i I Lo 

■ singularity j^aj < Ua> jl «5 j^Jlq A^ll lj_A ^uu VLd ^J| 


59 




tQ 1 ^ I 111 *> 


6 JC. Lii ^ HI I Ju£. <lflj n JjM-uV I <_> 1 tflJLA un» 


t-ilc-l <CjLI^V j| « -LLIj (jg j^ * -fcJ (^A)l (j| 

«gUull < CiLttf^V ^jLj ^jj| iliiijl c-iILkj *t\ t 1 1 1 * n 

j-5 pLJjlI 14 J -0 jjjjJI l f j iAilI dlj pLfllf j^iLdl 6l)iai jLfluuj 

<j£j oIjL ljaV I iiOjLl^l J-5 <Lo L*J I 4 i Ljl ail I (J (j (£\I Jj_A. (J^*^I (j-^JlS 
. ^jlaI^jJI ^j^li 4. 4 Anr 4-a .a jjIu j Lcu^jj La lii Ja jji VI tSjlj^k 


v Lai <^jllutAjj CjVjLlA ya^l JaJI l<^ <jlS[ <JLa* ^1 j^Jc, O^lj 
<j-o O ij-ijm J * flj < Ifl ’ll Ll^ JI J_& c-ftryj | i-A < w u5fc < i-a LaJ I 4,u ajuI I <j^JajiJ Lfl. xla 
SUj lg- JLoUlj ^ LaaJLi 4 j^fl < ^aj <jl IjjS fl 1 ( - 1 } 1 ^ 11 £-J I j j L.*i -vV I 

. 4_Jf (J-uajj (^ill JjaJI (Sj^^ 4>1ciAj (jl dLi jj jLLJj 
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cjiin ji 


oj^lslu ^ * n 


fjl tfdl* 6j-J. *oj . ijZxil lj+L JjJLaJol 

t^jSill. y ill a hi .fill ^jJla *!jj LuJ . 6jL*UfjjLfill ji n\t l 

! L*Lc (JJJ <tf C.j i im-±aI y I ul 7 ~ Lf il jLju mt l 

. fjUajjjJI |* iJjjj jj£L$j / jUu^ Jiay • lujjf CsLAjUI 

J I I.Ul I ^ ' ■> <-t.1 u-AxtiJ I <C.^_A_2kJl I itil fj ^y =»JV I <2AJ UJLjJ( CJLi i iA 

jjI dUj -i t <-L4-ijVI oLLajjJI ^ j..'’k t i.oJLI oLifilI «_it am ^ jx.IjJaJ .1 a 

CjLojI i flfl u u^all J_4^J! Jwi | tn 1111 Lfjlj .1 ~k oLLu -klI 

^j-a £J^II 4-A-fl l^)~o ^LLa CiUI^_3k}fl 6J_A ^ a i tn * L^-j <jjjJoJ. I 

<GjxL i <iL^JI <jLc. tiixfLo p ■ -j j^uLUl I jjb ^Ij_=fcJL_c*jIj < ^L*» Iuy I JoiaJiI 

I ^ ^ "k cj! Hit j L a j (juft (till Lfll u ia Li^JLAJj . xix 4-i-u I Jj In J n. 1 I 

< ^ j-i-5 6^o \ » \ J_L; ' pUi nil L$J ^jjbliall ^^=JI fjA "JI 

J-&J 1 i 1 f l A l <■_! AdTjjV I ClIjSJI ^Jt3 *'L 4j-° **-Sl jT A t a.~» ^1 

L ^ajVl (>U 


uJ 


^OAjuJ I 


U l I^L^J , 0 


6jJ c-i^u n J Jl ^IjuJJI <j-0j <j “ a 

« ^_jn n i til I <££ (ill j * J" Ai "^ (j 

ijVl <t-S jjjj 6^_A JjJ-lL (tx£ All <ll^ £_Ljj 


vi*£ jlu LfJ 6 jLJJ 4 t ruA fjjJ.I jjl illlj JjLi < ^j-ajVI jvrw.^k jji (2 AjM-A 6jx 

jjLi i ^Lll jJ-5 5^-o £ , o ^ \ ru I I iili£ cjjtS Ll^j < ^^jVl L^.!La t a 

• f- LI I j ja 6^a N , o l^° a <kiofjlL 1 a,i.uII 4_aLj^ 


. J-* N • • J«IaJJ ■ ■« < ^"j t jWI >..ti^ii uU^i j«_o >—ujiLlj 
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t twj5klj£)l <iLK uo \ll o I <—> IjjLIjlu^U > 3cj-i j-o i <l*Jj 

t <itiJLI jLLJJ *LflL£ jjjduJI ^.s^LajxVI ^A~k > c 4 U. >a <Lfilfi^ L^ «i 

<j[i till j Lo^JI iflIS i fiLatdua( <LlA LvC 11 «JTi i iJfl I <j( jlII *■ a»a^ ^ja 

^J Lfl-^ ijj t AJJ <Afl SjUI (J-LLi -Laj-£jj Jj-o « ‘-LSH La *_a <j I ■ . -V * 11 /ja 

ft 

ca^jll I £—n La Leu ^jLfl-ixi < I iajjj^li Ij i iiLSJI j_»JU <j I i (cJjLill t j-a CuLS 

. 6jl^=h. ^jA «ClL ( ^Jb La ^jJc. p Lb <_uLj_Lfl CiLL-n.^. {_y> L ilLt-uJ ^jJI 

* * 

jrylru.ii II jj jv'V ill—fl « <0^1 £-a \j —Cl-i.ua La. xuljj jtJaxxJ I 6jl^_a* i iuuLujj 

^^j-a £ij 1^^. *-Li-Ii | ^-i-Zk,V I I J_Aj < ^AioV I g..La.i.iil I Aj l^j^ J >Ti | e_»j Lu=J I uV I 

* r-L -l ■< £_Lu) Li^ll ~^V I uL».jJ - * 1 >11 ■ \ j. \ -J 1 6Jjh t A, I flj ( J A I 

£UBj-0 « *LJ-Lq <_^.J J t-iV I 4 l.I.H J A |J ^ fl 10 V I UJ LAJ I Li 411 A.ltl 

Oj^ { jb- <jI < (^.jaIII jjljll Ojj L+ujl* 

^ J-VliIcA i Jyn. a A j dQjfc l I <La*j ^lc dll j Cm Ij < p Lu-o 1 ^^-A 6j I jSV I 

(j* (j-A 4 _^mJI a$aj11 4 JuuiilL VI j ikij V 6 J£. Lfli 1 6 j-A I . Clip L Li i-cuj I ^jja t 

6jl^^. ^jJc. i^UJU l^IpL-al 6j iti I JI L ... 1 1 ^ai} c L^i i Lo-lS ' ij I A 

^jjMj ca^ * U m i^Lu-o <J ^ill ^Illi < I ^ a■% "v LucxjIj < I $ %L<i 

<LLi! 11 6pLudVI ^Jlr. JLj ji ‘L£]j < dJjLJI ^J^-llI I^yo J JUJL* < <^fc.lm k ^lc <cl l i.Tij 

<Lahjd I jui i i I .o n-n. jJU^ I ^ .v i ^lu < jj ^ i.tn I ^JUjl I j Lj-oV I JJjC. 6V 

. <jjl^^. L)i 

« <J i a I -Mx i ^ j ^ L-SjLc ^mLL^ L l j I L£ (_^^ll oajJI (jAij&j 

SjLv jk^u jj-^J 4 I^mVjLl-6 jJaJ ^jhAll jLlJPjUiXij 

4.K.II f^ya I g i^lj < ^ojVI -w ^jjQ <^jij* i flj olj Cifl^JI La_l_*—aj 

. eUJ jJA Cil^ll cJVl £_Lu I dJjl ^iliLill p L x iV Ij < ^itaiiJI ^ 


: ^fjjVl JMP« 

6j-i a 1^1) S^i^ll festal I AJ-A Jl-a Jj-^j JUr^V SjLiil J[j| ^J=w^)M ^iljll 
J^u dLjjji jL^jV I \AL r LjJ (L_tSJI 

Jj^Lj oljiui jju r NAi*\ ^Lc. ^jjjj WAL ^Lc Ja>» jIj . Friedrich Bessel 
j^jul cJL t ij f^ VI Ij-A ^j ^_Lc. 4 plAI jiTstl jv^ill <iLIj JJj (Jj) <il i t i i^ l 
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(jniflj ^J-aJLuil jll < ^-=kl J t ill ^Lj-fl p i U»1 1 6jLaj| Jj t 

*\ \ 4 -v. bo ^ a «.. > ^ lf- a 11 I _fl t_U_& ( 6 I J_o fl 1 (j-lj O l ifi l I l_j L uiA t—JJ > L....I I 

jlj_-u ^1 < { juj^jjA\ < 2 /JjLLil<j £a-uL_a ^Jc. L y ^jVIj 6LI Ij. ^ lj < Cygni 61 

~ I * a,^ j K *C ^ 1 1 a V * ♦ £_Lu j^j£iQ 6 Lfl cJJ j 61 lnf>I JLflj < ^j ^ i. T j| 4 mi 6^-tfl 

uLx3 J ^ >i ^ ^ (s*S) ^ <jj-aLLJI 

CjI ^'' - " 6 JX. ^ I illij pj) io jj I dlj Jj-o jjjflj < n < 7 j1 I 

jJj| I j_A L£ jjflj i 6 II <_l!iLaJI j-aa jl.i^ <—flJ I ijL aj^L j-L-i I p J-i - ta !I ic.j i < U 

■ U3^ f SjLi] 

> iflt^ ^ > i_flj | <_i l_n » a, /trJ jl I Jail I ^J_a> a iij (J-i.ui JjjOj i _yj LujV I I JLA 

V I j ^ A lAjla^U A. n nil Lfl <■ JaSjfl ^jA^Ll 1 ‘ i^jjj1 ^ju 1 Lfi ^_fl ijj_A LlaJ I ^ -^a! I 

i_j 1 ig-v p l^_a.V rciiAi 4-j^p-A lia p UaCrV jG-aj1a^ ^ ->ia V • • <.i Llaia a ~v ^ fl^Li 

(J I -U^V j| < L^_1 ^ Li ^ I I CjLlIa >1 <-.n^.iVi 6 j ill ft ■ a I ■ T. ~ < I 

i <j ijA LUJI I^~l5k^x u uu\ ^u_J < <J_LJj 6 Jjjuaj p Lai 111 I ^_fl Ij-o j T> ^yaol I ^A*a 

<_aj Lo..J I La-a < ^ a ^ I .i Sa fl . La j itj7t it La Sj-S ^ I i_> wm Jj 

-w L>°<J ‘ L^jLiI a j »Ti u^ajuij < l^ 2 v < £jsl^JJ pLcuuJI j3Lj-^j ^il) Sirius 

Lsjt^LS * Procyon a. >^> t ± t x l I —uJI jjh ^jLIIj ^ L ^ >^ji ui <«»> ^^-^1 

jjljjJji <1 L-a Pm il <£j-=± ^fl t 4 -jqJcLlaa 6jJ—uaj jl. in ill OIJj ill olj ^^jLaj 

JjLaja 4 jj l n iA _y±£- ^ 1 a fl u ^flJr> il I ^ I^J I < ^jnmli II Q-a^jV I 

. ejjLkllll <jla 

^Jj^fljl jL i .u a ^JLuL ^jJl 4aj(-oJI ^jJLuJI ^fljjiol jJ I jL^jVI cJJ 

L>° V ^ I "‘k I rfl Ij ^ J-JJ < I ^ I jj LlL ^ i» iA ^jJL *tJ I I t ftlfl f Jj lfl 1.1 I Jj-C. 

til^j ^ aj *0 Li ^4 _ajj_i_o a\ i n A, V lr>A 111 ^ 11 ii il I 4_ij-fl 1 “ ( Orion ^jLl^JI 

[J I |j I Ijhjlj > Lll-ll > ^lj I bj $ iHi^f I jufl H (Jj ■->.*» AJ"i >11 9^ I A ^ La-I ill | d tfll-V ^ La I 

4 ^ ^ ^Ic, i-AJ L N , T J^J^A ^ "kn^ jG J,iu ill 1 j-A jkU <JLi(j jjAJ 

* 

* LaLc i\ ^_A L»JI ^aJ| Sj^j ^j| ^ajLGII IjuA Llljjj 


■ Cy° ^3^ Ca^-“ ch° lL * ^a4j <-uIj o-tu J ^iljll ^Li jjj <_uGJI 
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< iujLJI ^jC. ^>L£ (j ^L t /in t t^jjSLUll L^U3> dllj 

jjS i—Li-fi ljj 6 *° ^Lia J5l ^Jjj J I^-uj-Sj <_LjLaJI * <i ill (j-a 4_L^ 

<il^ /a • LuJ_ii i i fl < t_i *. j til I i u (£«iJ lj « Lpj^Jj La | t ^ua-Aul I <ilS 

. IjjL Ii Llj 5L ^ji'_11 4li^fl Ll * p LuJ 1 £-aV jL*. < ^jua^sA I 

* Alven Clark cIjiL^ ^j^l _$a 4-jjLoJI ^^jcLoII c^L <Jjl 6^-J 
i< jl &jj \ A 41 / .. if ^La Li^*C/ / ■ fi 41 ij-wj p Lj 1 \ A1T ^L JJj f 0 L>j< i"h 

4.1 *-u it-a ^ x^lfllI 4-LaLJjI uolI 4-LiL a jJI {£jJ_ullI 4 a j x. piiL 

^LJq_iVI ^L^ . <KL:J 1 j_yL ^h.>—( jujLa-uj (jrj-oj-^* Li Ltl^ L cijlj * 4-.JLj 

* 

Simon Newcomb ^_a y^i uJ M J: LX> A Lo ^ SjaLLJI 6.1a ^ IaJI ^JjVI 

: 4-lo Lull lj 4_u La_J I ^gj*_d I I Ij-u-u-a J Id d£a f ^ ^ • A ^ L, j-jluj I 4j LS 

ell ^jaJj t ^_i^l La-p^K jjl jl (jiiA-juJI jjpo 1^ t 1 ^ Jil LpLi^J ^jl La I 

JjljjJI J£ ^ LaA (>JjJjJI ^1 < jc-LZka^aJI ^A JjVl 01 ^ 

. ILL LI IS 4-^LHLujI ^SJj t i^LJLI 

6fj-® ^dJU j^J-c. fl < 4 jIj KS .a L I .a JjjSL 61 v u ? t? 6*-£ t _p-^ 

La-a 4 ^A-LjV I Lpji 4J ^jl ^j-a 4jlfl * LpLftJL & Jia i 4 %j \ 1 xul I 

^Lt ^ Q Q . oljluj Qjuuj L1^J-U 6 Lflj JjtJ ijA J-^Lj JAj f j Lev 4 j | ^ L Jjj' 
^^lall ^jS-aj < l^lr <iluia JajI 4_-u(_a_JI I (jlS 1 tnN \ N 0 

<cl n Jli| *_fluL J-iIaI u& j j "i 11 6^J 1 ^ I \ \ 4 < 1*1 6jJ- ud JaLilil 6°^ I 1^9 

^£. 4—=k—i-o lj ^yinJU L^a < Cl I Jjj-li I J)-a ^ i-t u 4J5LL ^-0 4j jJ La ^J—a 

^Jc Jjj Lxa < 4_i 4lj ifllI >-fl tl~>l LpLJu_a > a >LH |j_> Vfll \ 4_j j 4ljl^_a. 4^jJ 

Cy> ^Llfl |t j ^» Lp-o jt I^>l 4ulj < Lpjlj^. 4 j^.jJ (^uAj 4j| 

Lo^ Jaifl i^ii^U 4j(j < Li^LLal |Ut)i V j\A Jl ^j| ^liJI o& 

1 a^h'i ^ 1 6dd 4 61 j £jc. LLVI 4_ij] l£ j_aj] 6^0 4 o 4 *j a ^1 1 

c 1 1aiJI j )» fl>Llf <^.11 % ^jjLuJI t j j jji 6 ji^L 4J Eridani B u j^lll ^^a < I 


l.i£ i-^o^-u Jj The Stars, Publisher John Morray, London v Li£ 

< Jl -a Lx i jAj JJ ^j-a-jJI Aiajll J-aX. uUA « LjuIj ^ rtlaJI djLi-a_* (jL^J « ^ A * A AT 0 

IjgLuu (^«lll IjJ I <i A-lxj J^Al ( Lfi J^l I lj* IflU <JJUA ul Ui « 

. Jljil 
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La^J f p La n La I^Ja I IAj5Lj I i^A-t cj j-^-J IJ <—> I Lh* ^L^ (j| * ^ L>^>J 

. ^ys» Li-aajJI <Lfl lASi c-iV| jiuf £-Lu 

fJ 4_JaA,}La ‘ &! > cUj Jj-fl J-A^aL J4 L-J JI ^-% il1 <j I *_JJ^iJ Ij 

JyLyj ^£^iA O i «r>ll £_jIJ 1ft 11 j-A dll, ^xL-£ d-4J < 4. -A.jfll^JI 4 jLl*J 1 Aj k 

^j^jLuijjjJb ((J<uij Jak^o)) ^yAj.uJ La ^ < oj u .u I ^ill HCflGTy NOTfiS RUSSel 

. l^ijl^ f^»JI ^1*1 ou -Ljj ^AJI Hertzsprung-Russel diagram 


^-fl Jj Lflj La 4jl—a L^ J—L^a^-a 4 ji.^ j ^ (.i-alf LiiJa L^_j (jJ I (_i < n I ^.JI cXLl^xjj 

« O, B, A, F, G, K, M. t <Lu i -k.-A ollflJI t—j t AHj ui* i 1 Liljj 

Lol * dJjUl P I j-a. rki 1 K, M ^kj A "it Ij < SjLJI p I iA i 111 O, B ^ J... 1 V J1 

I ^j-a IJ Jx « fl Li-La | ^J/ Jj-yj jr Ll^l dflj « ^ G 4liJI ^j-a c SUuuaHA I,Li u Ajj* 


JjjUjLa s^aj^ jj^-a Jilj aij < 5jl>JI jLt-^UI caj iaj^ SjuLL ^ 

k Ait Vw uUA ^jI xij * JJAj ajlo-al Edward Pickering gAj£j jjljjj 

. M <lflJI Ija 4lflLaJI |Xj*>All JS ^jl J-l*jj 


j-3. ^AJI j j^ J I j-jn cjL ljj ii ijtJ I pa^ i jA pLa^-JI <j>-i.i.L d j 

j i< till 4 _auI^j_l!I aj_A ajL^jJI i^J t ^~>fl l_j iuijj t <_al_C ill ^L*.lj]| <-mjIjJ 

pL lrwl cjLuj jjji jLa (^AJI mJI ^iaAj < Arther Edington Jlj I 

^AJ ‘ * ^ 11^11 p 1 A if . ^-a <J^Laj Li^LaX. ^<<3 I^AJIjtf N^^^Lc. Pj) i Al I 

• A u^lI A ijU J|^ Jlfll | |jj 

9- - P 

VI < I d Jc ^jAJI <^jIjJI pAaj *. ( f n.k.i 6 A-A ^jJllII j 

■ cr^l ^^ n j j *** " 1 4 l u ^ ojLS * jl^aU ^jAJI I 4 ^ljuIjj ^^-Aj 

L ^-$-0 ,>A ^i^UI u-a^jJI ^ Ij^ jlll <Lt-uljJ l^.ilr I J‘ ■ »Vl jk_A| 

iJJajj « 6 J j J. i ij 1 cJ-*L^JI k» i< nl l d-° aA-A ^joadJL^ ^-k » 

i L^_» IA 6jAJ 1 4 % Alin j*-ul J J Lt d-° L frilfl d ^ ^ t 1 

Cj LI^j_j j-JlJ I ‘ t i.i i aj 4.1 > fl tl I Ot a n u "xl I jx *Aj 6 I^h° k** 1 ^ ^ fl 


Oh, Be A Fine Girl, Kiss Me : SjU*JI ^ y.. *±m (>) 
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i oLj^yi V/ 4 I <Sj Lo — Lu- a fjja 4j 1 ^u- u L^j l-i -i t oljjjjjallj 

. ^j5 SjS >_i«La l^mj J-oj 5jj j)>AA 6j jil ^jJI 4 u ini L 6 I^ill 4 »Jj 

LoL-aj l^ i i i LaJiA oljjll ^o(—i^a_o t 4.i.u_fl i u ^jJI pI^jJL^ < oljLiJI 4_l L ^ 

& * ^ 

V t l| « i 6 jj 4 _lL-oJI ^Luu^Vl 4JLa» Lol < Ij r, I III fl 

< 1 ( ^ i A* I 1 4Ci-s- a oljAll <CLJI <JL=J I ( jtUL VI l^lu La-kJfl t jjjl AJlJ 

^$1 <j*il— o_jJI ^1 *■ ■ 1 ( ^"ill ^yC. ^Llaj SjjJI J) a r. Slj_lJI Jiali O VI—=J/ 6 JL& Ji* 

. VJ dUj ^yA L*_» ^Lfl« ull^Lo/l 

jjj £Li ^jjJI ^ J L.^-i 1 1 la* t Aj £yA uj-Ls cJij^la Lol 

i_flj jr i ^L !—ljj <_jjfLo t 4_ijjJI oLjjJI (gj-jL _J QLjj^ j£L 11 1 /j I t }L_il_A 

L_^LJJ ^J\ aj i l^sLj^iSJI ^j-o SjLq oljjJI 4_i C /-'*-q t plasma Loj^LJLi 
Jlajj * ^I 6 J ULI ^j-o 6 j-a (jij-i-Lo cjJl jj-IJ JoA iA~i <j( I ^\f *LaJa. ill 

oljjJl ^ J I u*>u LoS v AaA i oL^lI I j^jL-alZi jl i Ijlc OJ lS[ LqS e_fl j« fii\ (JJj £-o 

^ j -y * 11 ^yc j t A*\ 1 i tj I i_J fl ^_fl iijLo I j_A t c -i u\ p /j) m 4_i j ULl l 4j t -wl I 

I ^ -L-raX 11 ja^~ih 0 Q 3 IJI jj-aJLxl > < 4 fl uJt 11 pLojI m ill 4 _*_oJl_o I 

(£JJ^ il ^7 LoJ jV I ^juuL I ^c-lLJI I j_A L_fl^ju t j^i ji/i'tf ij-o JjjxjI] t (jA» >M 
[ j-ijj j < ii L^jjj j JI 41 uaI I <Jj(_a <5Lla 4 ic ^cJLi 1 ^jJI^ < nuclear fusion 

4j&llall t ^J V U A 11 a^jJ I >_ Jfl ^LoJjVI 

■ LfJj I I v>*J « LT°^ fL 

IJ 1 i Q t ^J. ^v. i H (J^lj l —o JjV J 4JIL J iixuj (^/-zw Jlj J-T^j (_^jJI Lo 

^J| ij j •%■“> 1 4 oLj^JVI jl Jj l uiil oL>J I IJ-AJ I £^Ju J_5 SSjjjj-JI ^^>11 

1 l^-fl^A-i ^aJ oljLc. (Sj^" I JI <_xlfl ^LflAjI 4 >lg_ k_i_i^-u La_a t 4 - 1 J Lc oljj 

ja£ LaJ^j t 4^tlilI jluxa ^jC. 4J 1 1 iJJj (J* ft J aa jJI 4 ft*nVJ 

jj 4^4 II cdJj JjL-a V 1^.1 a ! Jj-Aj 4 —flUaJ ^a-lll ^7 (—1 1 < 1 4 a£. 

jf"** 1 4 I ^ 4 aLaaI I 6JLA i ^j-a.jLaJI 

. 4-mtn^l Lf L Ja»j ^jJ I ^iin3uoJ I 42ujLa. JaAi.A Qaj LjlaIj t JUua t V <J Lz^. 

Lij 4 /> > > ■ q ^ -lLc £jj 1 a *\ 4 j»—aLa. Ralph Fowler jli <—allj ^aj 

1 J a J_L 1 1 fl j • »■ 4 4 a^v 11 4 L-. > (I Ifl iL | 1 1 , , t al i jjjiil liA j aaI^.1 I aa21I 
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jlj i oLjj-jSJV I i jA j-a i 4 jLjj <LuajLc t LflLXlI j-o <_JL*JI <dJL*. 

* f 

— LlaU ajLi-o * r s _j'~'* *1 Li 1 ri > i o Li^aJ Ij < oLyJ Ij o I jju ^j L aJ 1 

^^ -vK j ftji x ij < <J <i^L_JI <jLjjL=JI 4-fljliI * jl-o j*^-k ^yll 1 1 1 ( ju>i t o , Ur . 

Luji ^ **k 11 Ijjb jljLi i n'v c <jjLo <dl^ ^J-c ^ ^ ja£. j j 

<U L* ^JI 4j jia_i Qfl u*>j J_flj . ^jJUlLI I jjj_fl JlL-Q p 1 < AI il I ^ Ij-fl V I ji ^ ^ ^jA jjx-fliL» 

fi fi 

i_flj j-Uf | 5 jjfc -"l-v i 6 J LLI ^Jc jllaj t 4* i \ s. I1 f. LJ^il I <ilufl ; 1 \ li**> 1 A .tS* J fJ-^A 1 6 jjb 

de- jlll U* io" JjlL jj£j degenerate matter «jj jio ajL" iijklU 

jLc. 5 j^o>a * L^_j_flUa cj LijILui 4 j I ^a cj Lj j VI ji < generate pressure 

pL aJc. j-o <JjJa <Jjj| < j-o JUL*JI ^ iA.fi n jl ij-i-fl <01 t J^ » lo 

<aLoVL i jUltVI ^a <jloL^JI 4inn"ill <jjl^lll Cilo^- 4 jI 4jSlLJI pLjxill 

u IjjLi jjjL jl J \ LI ^j^VI jLiil <jLfl t jxfUl l£Lj Ki a Cj Ij-uLj u1\ 

■ ^*V 111 ja.LJI iujUJI Jraa^uQ jxLal 1 ^C.J t ^Jc. < tfljj n u > 


: fl^n *41( Jj. 

jl jLiJl^ <X.J a iJ \c. 

^ i La o Lua Lu^aj 5 JjLxII 6 jjb * equation of state <JLJI 4 JjL*_a" LoJj^I 

j i Lk^U 6 J Li j £A < A--y-^ a iS i <j <irt i^l 1 c_flJL>^11 p Ij I jxi-J ^j-0 

< I 6 J LL I <UoS j\^k*lll iwkla j j-fl 5 jULl <iLX JaoAJJ r SjljjJI <Tkj J J^Q » 

I <jLvIjJI <jjjUJI jljjilA < (^iu Lfu.fl ^jLvJI 5^5 jljjii <_i_a^JI &jjb ojI j I JSj 

f djUl ^y> 4 a\ %a 4 i ^ Jj£, <_i LX1 1 jl J.fi.ft <JUJI <Jj(jl-a i*l t L_> ~J t <Ujulu (J-ajlj 

jjjlu-u X_j_$-aJI In /nm l I_kJI C.i aj 

j^ai ^lJ I all <-i I ^ 11 (ji CAp <JL^JJ <JjL*_o jA-J i^L ^j-o Edmond Stoner 
t JxjaJL <J U_fljjJL-0 ^_A Lo (j Lu ol 6j_JlC I j La ^ ~ . j | jjAtiV I aj fill 

Wilhelm Anderson ^j^-t-ujjjl ^I I j-A jha^ j q~ ^JLIa 

— 6 

cjjjJiJI a jjb c^u <—aj(.4fn ilI oLjj^JVI (jI ^j-u Lu jTi t iiL Tartu jjjLS <jl aL. ( ja 
- « ^ 

t ju^ jJ-L 4_t t< <i tlf <JjLlii Lfl.,.i.lo I JI e pju^aJI <_c.jjoi £ja I 0~* f j ■ ■■ '_ 1 j~ a ~ 
<Jl5 Laa JSl l^~u ^^1 al l <ila^ll j(i jl U.U-JI ^ juluJI Ijjh i^Lj 

^(^>*A>LI UM l j-L ejLSjVI ^-L Jj>iu-u (^IjJI I j-A jiA . j-au£j 
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4 fl.5k loA A 6 ^—o J-Lu <La.j. a J ( <_L£JI (jI CtIU I jj|—jjjJLui J 1-* a j 

>U < tdlj <> Ji I aJ I (jJjA <t£ ^jLj Jj-fiJ Lj i l L I jJjlui <j£J j t ijttn *Til I 

JjC. Lfrlt£ Cijlj Ijl L <J 1 a~i-w I 6 ajj I « jL^-uWI <Ldg 

. 4jJj(jlo I^Tuj ^jJI . Aflll <.c l flJI 


<jL£ L fiA i A i jJ j-fi * 4 -i.jjjJ^ L$_JI ^1 <i£Li\ a'\ ^Sljllj 

,J^ ^-fl <liL LA c*j IA ^1 LoA ^2>i klI tj-oLc j_a ^IAjo j|q i j_i_flJI cjI j_uLllI 

(Jmailll I jj& jAj ^jJI o^j * iilSAII SjLj jLlr-VI ^-fl jA.VI ,jjj t <jl^aj 

CJ Lui Jji i ^uAjjJ 1 4 \ , 1 i.\*>f Ijjg iV 1 I ill * uLi t ucV I 

^Uia il < ,jijj_ujjjI j( jJjj. 1 4-u (JLax.I ^c. S^iL jJLc jjx. <Axjj U jjij * j ^a i ^jj-A 

<j!A jSj f ^Jj U*\ <fj ~kLA JjaJLil ^jjLxJ ji^JI ^j-o 6j_a*LJL oLj <J>LA Ci2>H 

. j-OjJI Jj-a 6j 1 t*f. <U^UI ^_fl 


^Ul ^ Subrahmanyan Chandrasekhar jt^j^iljjjl itu ^LuLol j]j 
-& 1 1 (Jill 1 f. I.aIc. ^a-laClA <jLjI [ jjLi iJ..t < N^ \ • L-C. ^jj-uA 1 ^o j-i,u.f. 
t \ *\ A1 jfc It Uk ^Ic- j La. jSj . jk tln^J I j itu JJX I Lo I < j^ijjAaJ I 

<1oJlI SjLJuj — <JLJl A * _n \n\ oljLajj ^11 LfiLwaV L — 6 ^j LaJ I J j 9 9 

4 > Axjaj ^j-o I jl^s 4 \ ^V • jk L c. JjJ>» jkjal I dllj SjALJI tilt C. 


^y^Aj ^ jJI c JjjHajjl L/HJ »—i ii-ul I j_A <laj jj | j jil I ^j-oj 

jJ_uj « Lu^Sj ^l^cl 6 j *ti fti ^jl 1 > 4i‘>J I ^Ja la jll { y-A oLtijj laud < <j ^ LlLaV I 

i vl>~k Jl I j_A ^ftl .1 1 ~k^JI jc_*li^il j| J Uu >iuA f 5 jI>JI ilLc. tlUj 

I o l r jlutl Jig t Ll_o <jA.iui‘iH ijjiajJlj till all ^jj ^ <i Lj 


CrJ-aUjVlj ^-jLaJI <_oLa j 9 I—=kj jJ5j ^jjll ^Jl Jj^aj X5 jLa^xuljJjLcaj 

. ^ ^ dJjJa. Ijl^l JjAj £uALo LILc. <xo jJUllL Jxaoill < l-kxJi ^^a-uaLi 


<jjU ill cj£jI N ^VV ^L jLk-u^l^jiLiu ^-o iLlio 

^ I Ijx, a. « jifJL < ijK LkL_o <_jL^ l of <j^jLa. jjLaj ,ya A i o^ll 

tfjllj « t3^LVI ^yio. jl aaij IjjiLSS tdjJ-i <A_«(jll MSA SjLiVI j J-> J (N) 

oLklStJ JAJ L 0 - 1 A A IIjSjJ jLil jij « U(la >LLu « 6 ja£ jjJ Oj^jJU AjIiJI sllli ^ <1 4auJ11j j JI 

. Mj]L ( jAji , i 





I < • « ^ ' U jJhj ljUAJ Afl J 4 , \ I J if Lfj l o lr . 1 i j t Luil 

• 4-u-ulj-iJI 4l^La I ftfl i uiiiS 


Jail ^1jLi c_a l^-jiiI CkSfc-i <j-ouujj ^ fli^i Jajlj jl A , j A . iiIjjlt jt i ti jLS j jaS 


Lgj6 {ji nr^Lt jljli ££di * t i A nil jxljflVl d^. Jc. 4 > "r> > 1 Je >~k 1 t ^Ijja^dK ^JLuij 

jkjJjJI <ly a ^a \^V*\ ^Lc. JLa. ill ^Jlc j ***» £■!"*. Jl Jl * Oj ? x > 

. Jju La-ii LAjo^j O^U 4jSJajj jail I 


^J LaJ I {j ^ {ja t _^AajV I ^Jil I A I d^ 4xa-A I ^ti | JJj 

^ifl 1 1 Jdu ajj t WXX ^ Lc. JjLaoa U ^LS jJft LGV LdfldcUJ jljjJ v..fl il ^ -la. fl j n J I 
' I dS r 4 i*C Ifll I pLlJi-ftil ^_fl ^j>-s .^-via J if <jj5k] < <j| ( j!a»U illjjjLuil As^jlx j 

OjL^ I j I <j I jal£ 1 ^jA=k. < 4 t \^>. . A a 4-t-ilf 

ill til ^ . A A~i V 1 It -^kj La Lfl-i. A ^ ^Vl) ilitj (jl Ij-A jj-i « dlld Jfi d-ijl ^1 

Jpk. Jjl dU LAjJuAj JLlJLj < Lfl-J I I Oh ^,ilnua ^A A \ f& 11 ii^JeuJ I Cu Lfk d-SJ ?<Lijlr> ll I 

• LajjS 

<JLi_uj (j 1 <jjjLui ^a olj-%. oil pJa c. 1 \\\a jl A unljilLJ aI jSlJj 

JLU r LJI j t dij jKIL , WXX ^ 61J^dll 

p L tAul I ^ IJ-SV I 4ljJ-L-1 I il I 4_0 j ^Laa Loj j 1 ^_ijJj 4_l K ^LlaJ 

SjuiLa a. i~k i plilj ijuj i N^V 0 jiL 4 K(oil 4_iSkill 4 ij A’v.ll L^odij f ^L*JI ^a&j ^ 

, I 

4jIj u jj jJ ^ . a jt in JjJjLuU ii^iaa jjLi JLlaJ Jjj*! "v. ijj 1 

Lf-ki ji-AJ ^^lll j-uAl^Ua . ti ll ^1 Aii^ VI d^j^-0 Jj < J ^ lw CT^ 

Jl d _it i OaJi I 4 jt I I 4 1 aK ^ I . I (j jtt jilflj V 1^ p Lj_Lfti I (|/-IIji J ui->~> 

i 11 1 I J IA a <-ill L . U <1 i l d “k.1 1 Id-A da£- Vi I jlj t p Idj I nil _fj Q *>l 1 4 »juISLaI 
ja a Idlj < jL s^jj-uI jdlLJ uj ii^lxu LAjxi VI l^ Jl j‘»> ^_aI^JI ^a 411 < Lg.* J^aJI 

Lo 4_0jjJa d oBj-i-u dlld jjC. d-jJj ^;dll aaAII <j| Ijl-flL , 11 i aA > JjLa*-j 

t JLa-l^VI IdJb J flj 1 jvi CmA \ jt Ajjui ljdlL uU I Jj c pLuAoJI ^A Sdaljll uU >1 

4jSJj ( (4 j 1 ft LaJ I latljd <l^j-a oLnli4.ll ^JxJI Lila ddjAi (JJoj 

. J-Iill JLal^VL Idal 


^ ^ ~w 1 1 1 ^ l^ j c > 1 1. Li ^ a < ■< 1 V 4xa^ 1 I 4 > j L il | 
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* a 

1^ <j|j * j*L*JI Cj-A_jJI ^>-a Ij-Jj-o jl a . _i u n ljJ-il J.gi <j^Jaj Ci-J-LaJj 

* 

jl^w la. uljjjl j a1 j-» J < \ ^T"\ Jj-a U Jj I jJU 4jLijJa ■ L-vj 4j Jl_A ^£^11 Jaj l 

I Sjjill ajLA J^L^ (^LmLaXa JJo JjI q.^3> 11 £ja 4jI Li t Sj^ljJL \^VV j*Lc 
JjlaJ L 4j^Jj . til 1 jj I ^i*J I Llju | ^ja Lfo l A C. 4_a. (j-» < a^ja-C. ^ja O Lj-ij .JLlI I 1 ^ * q 

■e 

rJJj ^jC. Jj-flJj * 6 J~k*UI oLV^JL ^C.K-uti 4_JLaLa* ^1 tilji-A t Luj-^. jl^jl J-A 

j-i-o-aJI J^Aj ^ nAflll J_j-^. Ju^Jl J_Jal 6 A I Jill £-h jil 

. 4jLu-oj j*_j i ^ j LS ^a ^aVI ^ 1 \ A ^Lt ^a < l^vckIj ( 41Li^-.i 


Introduction to the Study of ^ * y\W t_u^jlll 4 -lJjJ La^iJLa” cjLsUI <jl$j 
. IIa Lo^j L-culjj UJljj V < \^YA ^Lc ^iuj , Stellar Construction 
^ m^A 1 j| < oljjLuj A JjJ La £^^j-o^a ^lc. u^jl t < 4j.nl*]I 4 jL^ (J(jla 4. -\Q ir > I ±A JJaj 

^ja Jixj ^yj L^V 1 I j-A . A^_i_C pill I jJtJ f «_,L£ ^A 4-^.jJa A^issj 4-ia 

^Ic. 4_aL*JI 4 11 ...\ 11 ^J| 4xaj^ill f -II ^Jl I 4^i-oLuJ 4 -ujIjJ 

. O llu La J Ij Cj I»idt uJ I ^A p I I c_j^A_J I Cj I * Ijj jlj O LiluJ I ^_A 4 t^lfll I p Lj^laJ I 


^1 iA i l 


olj-u^LiJI < AaaII a Jxa A^-iX. ^ JjV p I i A j. J1 ^ Ij-flV I 4 x^a. A C»^Jj I A j 
1^] I ^A til i A < 4j Jj-aI I 'j. i 11 4-.^ A 4_i L^_i i _^u-J p L*Aj J I j% l>V I , 

plli 4\ iti^k JjjJ I A \\c. jiT\ 14i t I p ^*il j I. A~~> ^ I ^A I 4 a 

~> «j < iti-*j £_Joj jV^k JI Jia-J • I i a < 4 Jj_Aj jjl I jj ^ ja£. < J-o K 

. ^(juJuVI JS ^jJc. 4aj jLsJ 1 ijJ\\SLk ^IL=k i ijj 


: SjUU^L^JI^^f 

i^kjj oLlu^lill ^ik« ^A 4jLLtuAJ jl^-LuuljjjluiJ jkL a ^idU i^l j^4 |jJ 

* UJLH^V* C5J-^ Sjill <^U ^ U^J fj • CT 4 -^ U_9 j 

< 4-Ajftl I ^jikAil 4-L^.J-O 4A?k-JLkl Ja^ tfill Jj^JJ^aIIj < <LlJ LJ 1 4*t^ .* 11 Jaxi ^jJlj 
4jV < dl^lll^ Cj i jjij j^lVI jjJI Ij jAj 6jLuiVI Cul^ t jJAj ^jjjj^lVI ja Jltl 
(2a^ « jkLc. j j iIj t a IjjJ] ^^1^1 Jl * l*j (jLS .V—~kI {yA La 

i jj j^-ui 1 Jajla £yA 4 James Chadwick tiLjjLti ^uAiA * .A4 t > ( 

iitilSI La Jjl ^ Q IjJl^ c 4*i^h Ail 4 j| Ja*kJ V 4 j^1j r 1 4l i n^k 
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I 1 ^, i J L^Xft] I ££ jJ il I 4 \ ^ I , O .T,<l | I ^XLA_ 2 fcJJ < J Lm ll 1 O I A A l .a i. T kil 1 

jLk m-JjJjLCm Jjti La jljx < oLjjjj-uJI <j-o jlJftL-uV JA » 

, p 11 AjjJ I j* IJjj&Lt 4_i^,_J L) 


£j-r*j <_jj SjLlLV i nill ^j-Lj 0 1 Jci] > flj 1 Jl$J <J-*^ 

axJI ^Jx 1 La <_JI fJjLOfj il^JI Lh 5 f"^" 1 J 4 1 ^ 

^ Niels Bohr j^j ^_LlJ *jLj ^ jU ■ ‘Mj-* J -^- "< _ i *S JI J- 0 

^ *i J(J LIa I JjX Iflflj ^ Lfc-ujj < ( ^_fl 1 i uxC f p Lj I CiL-*aj Ojjx L^-1jj^ 

^X 11 1.4ti jjJu.1 1 ^-1 i-fl ^-1 iiJ ( jLao^U jLx <^-=k i 4 i rtj l—A oLjj^jj-Jj ^yo Q 

t I 4 -*-oI^ jLa I p Lu I ciL<=>j Sj I cl I 6 J^La ^-fl < \ A JIa I 

. SJaIlLI CjLVJ l Jl ^JIxuj j*LLj t^ya ji (_£.i]l jJL*JI < ^-fl_9-oL a. £j^a ^^ t- n 


* L aLtJ Lj I Jja 4 iSl \UJI o LjjHj J i 11 ^yO | -fl \ 1 ft jkj-Xi JLa^-j J) f I^JL_iJ | Jj LSkJ 

l^_ij lj i ^ a il I Infl*iAJ ^Jjlj l.fl "ftj .Aa I /^SL jjJ £u-a < cl I jj ) 4 | ft | j p LjjjJlI i 

^iJI cUj C5L15^^ ^Loj-j^L cUj JiU i (jjb 4 i-L "vl I 6 j£a1I cuL^j < L^LaIj 


dJj ct-i,J -k i ^Lu J_3kl Ll I (^»j^L_J 4-JuJo - a ^juaj S A I Jafil^ 

p 4 

«_tlfl 11 6 j^fl jSL^_ijj . ( CjV 1 a ~L -k V Lskj.I fl -a t 1 1—J I l JJq J ft fl < <__5 jJ I 4 — 

4 p f. 

JI ?aa aq] I djULI jLj^jI ^J-a ^-L^uj LlajjJj j t.tlflJ I Ij-A ^j| ^jaiLojI 


UlUl I ^uA-xll ^ya ^j^jLaJI pj— -a-U J^ljJllI ^jai 1 -a!S[>VI J^X ^uLIjj < oLjJjjj 

jjJ x ^j4i.A a tJ I I ^ l> 4 it i jJLil 4 _a LUI c Lliy <j I ^IjaJ Jj-flj . SjIj-a. ^ ujaII 

J-3klj JaS-ft ^Li-2XJ Lfjli « ^ a- ^ -JI j Lx^i V I ^-Q <il^iaJI 6i^J QU,4 .iiII (^J-o 

, ^h° <^LLL 

iJU pLajjJI J_ 2 kj J_il \ jLl^_jVI dUj Ji-a ujjJ_A l^-lfl I J.-^kj ^J_» 

jjLx^JUJ j j i IJ J fl ~L r> jl jfl~> iu 'J I 4 -i ^a . j V <j| JaI ftJ ! j $ jj l ^jjJ I ^jx I. I 

4 j I a > JI L&£ — beta decay l~Li i 4 _i I aji 11 * j_i ^ * -««" — jjJjjjj jj 11 

^J| a , a j ft <JL-Q I \ ^ ~*LL . fl L^J^J ■> ll a Jjijijll^JI >~k \ I 4 LA 1 1 *Gia-a 4 _lx^X »] I 
jljjJj kAj-oLk Jj-a p L alaJI Jaj — ^j-lajSjJI L_u J^LajI *UlaJt)l 6J-A ^-ajaljji ~ (jjjjjjli 

l nj> * A l I i—A j^Jq Qaj i OLjjjSJV ^ f-® ^I g^.hi ^ I Ja ^-a I <j I LoJfc jjX. j 

■ oLjL^jA £>-o <jj^_a <LLa SjS ^-aoII c-Jft (JjaaJ i jkjAiH c.lfl i 5jlj 
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O Ljuj^LjJ 1 iiL^i (jl-flV I Ijjb ^ 1 J-£ I Q a"i ua^ui JjB JaLou-J I j I ^Jc. 

LaLoj ^jjiiA I Vj| a (2/~kjj J j fl II q $ -J1 £ La jl V I qLjLuia, Cujjal 

Sj$Lfl j_ y> * 1 j 1 flnifl jj jkJ # ^ Lt I. uj J Jmi Q*t 

\^£\ ^lc Liu M. Schnberg ^ < <j^Loj j-alj oi^oL=k 4 Lu.u Ijj j I jll 

t LaLol 6j-oJ~a 4 J-Af. V—flj-i-u A ^jJ ~k" JjI L^J jjJS ^J J^auJI <j!aT. I 

(I * ? 

d* ^LjU Ijj5 lil La < 6^5 j j-% a ttl I iwtlflll tillj 1 1^-j.fl jl$jj 

. 4iLUl 

f CjI J I i It 1 O JjLfl oljL^fljVI 6 j-A Luj < itil 6 J-IlAjLU c- Lu I Cul^J 

jJ^Vl J t*ii<J ll oljl ^flW l 6J—A A 1. U JJ < I—$J}Lk t 2jjiu 4__uj^jj^ll I S k i ll Jjlj 

leu Jj I jji jJb. a jUj jkCjj . supernova 


P t A If,. <JjLl Jj -fc~> i (j I J-i-fl LoljC. 


. J^l <> 6 UJVI liA Jl t&ill aL/^I 


* * 

^ oj" ^j^-uj^iuJI ^JLjJI Lfti^ij jIa ^Ul Ij-A 

J\ <J jjJ dlliij < ^V£ jxLc NA^A jxlc. LjUl» ^ Jj ^oil « Fritz Zwicky 

(>a LoLt ^lj ‘ Jj-^G ^ <Jj£i o* <^j l A. 1 *J 

. jlkiiVl 

^J-Aj < oljL -k -fl 'J ( j-a I •%j La LfljlJj^-i-al I oIjL^-AjI j \ " > «~ j 

. Zyj.~y [ j AjJIfl 4Xo a^-rv_o JjLu &c Lj-o| -~k~> C/“^ ^ ^ ^(j * uJjJLaJI Sjjll 

Walter Baade ^jL ^lILi JjJll ^LLVl £-* 4_aji jij 

a jLo a] ^>a i-A*u 4_j (j j_iV ^jl ^ all j L=k_fl-jV I I jjb (JXo j I N 1 

^jG ^ISU (jAj * ^-®Lla ^J| 6 J 111 Jj-au ^jA ^yU -t t iul 4-J ^ l ru J l Ji 1 U 1 < <JftLla j Jl 

, * * * 

jjijVI j^Il jAji yill <_u1 VI UuLui 11 A^lo < jxLdl 1 L ^ J 
,jJa *11 LI 4 I « I flj'«J <^ ■ ..11 oljl-% ft. 11 UjJfartfl j| VLS t ^Llflll aI^J ^j-a 

; J^ 

LfljlJ >j - ■ ■ 11 J La—all (j I (J_al£JI till fl AJ ^-a 

5_L*-aj ijj^i ‘ ^ iJl li>^ u-«-^S 

^jlaJ <J ^alll I jjb (Ja—o t laI I ^j_o 4 SlltA 

. . , ^>-^11 4 jLc ^jj 5 \ j 4l_fi li< ‘ J *-*^11 (j* 4 jLc 
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^A . *J I I Ij-A 

. I I j-A AjUl JI^IujuV 

jl-U i I e_flL ) {jja Lilfl <jj-oLc J-*J (3 1 I I ^ J-*“° 

* 2 

1 j I * q jja p I ^ 1*1 1 jju \ ^ V £ ^.Lt . ol.i 11 i u ~J I 4 rf%*ij V xa jxij Li I i-m 

<j-o p <j Lo {jjq Ip j-^. £_Lli LAjJaA I ^jJ Ij t <uK p I j* I jiV I S 

p^fc. <J LaJUU_u IpJ^Tfc. £-l_u I jJaA jj I cA^* <j«i ‘ j » i A*t i l I 

Ifl *XJj t ^y>uJull 4 _t£ ££jLuJ <li£ ^Jc. (j£J^A ) jl/Tb ill IJ-A jLo jkjl] I jJa£ ^j-» 

^ 1 (jA uV I fjJil I jjj . OI j— l*oj Lx ^ A j i ti f ■ ,^C. J-iJjJ V (_Ajia-fl (j-fl 

i Jj ■ <-> | c_t&4 J UAft i La Jju | < 4jjUL ^ * . .. J( > jLtijjjl flxjj ^J rx fl ^jC. t to aA ^_flJl_j 

. ^ \ — V Jlui) LlSq v__flLlu-o I V I j ua!I I Juft Ja 11 V I ^ ~v ilI ^j£Jj 

oK fl jll j ^Jc.3 . Jj —juj | uilJ Jj ^ ~tl I <-i La ^_ 1 c J I i ll (j ul ^ I S\ &j 

. JjuojI < ift*1 43^9 Jxflj 4 \% \ J L tllilafl * jjj 3_lj ^w -i 43=kj 



: H 

White 

dwarl 
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l 

Sun? 
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f 



T 


1 
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White 

star 
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_^Vl jJi, i^UL , <^JI f L=^VI (\-Y JLi) 

< (jAjjVI '- i»- ' ^ N • • ( juA > t JI jJo-s * {j" " ■ % H j Ua ■ »« . a 5j_« Y. . 
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| <j^Li I ^la.i] Ij t ^-jj^j^ -liJ ( ^aaJ I cij> a-o V • * VI ^ j-flj l^j 

1 fl.liC ux i- iA I I J-^Jj i ^jaaiVI jx^£]l ^ * Jj-ujVI 4. »fl~l I 

. J^mjVI i.ifliil) J^a^j pLJjJI ^j-a j-^KH ^Vtfll t <juj^jjjoJI ^jajJI .-.Q■ ~.“*\ | 

^J|j t Ijiflu t (J\L Afl a * jjiinlll Ij-A t jji*\kJI cr ^il a "n ^j-Q ^^u-J 

lui"j 5 p I j(j I-J-Laj 111l^ JI A fl > 1 1 jI1a <j| ( 01 ll~ii ill I 6^_U^ 5jILfl 

< I»j < jjlj Lijj^jjjj Lft rk’t jjiLi a5 j_aI j^j jJ ^ I ^Uifl i <=■ L i A kJ I ^IjjiVl c-Wa 

jjLA-J I JJaj ^£1 * 6 Jj Ij] I 6 J til j-a (JaIaxII <iixuj J j% /I J-A I JLaJuI ^j4xjl! I 

<LtLg_j ill ^|io liA jI l -> a i.1 la S jl a. i i *.jIu J-a Qa i 

* ^jjJ (^ 3 ~i *tJI oL_JI ^jaIII oLuuljj (Jaj_j ji iJj-fl jllj < cjtj_Lj^till 

^_lc. <1 a | J ^jajAJ jLi j I jjJ IjJLfl I pjjuo jj-i-fl t 6j-A I 6^3 A ha J laJb Cj-1 L5 

Ij-A (Ja-o Ijj LaX. Jlyui tlxAJJ <jU$jj-aV I (j-JA.LJI jui ^xlS < t_Js 

t till jJ Ja <1 J-A J t j IjJLLuj I <J Laj (Jj-flJ L jft *1 n~\ I < ^-jj^J_3-i-ll I A aJ I A | i ulftl I 

^ lr <jLaVI Oj L£ < j ( _ A —»^4^j lj^ LtLj a J J_a ^AJI pi i a t. 11 f J-a ,Jj Laj 

■ d I 


: J-^b 

„ • * 

^j-Lc <jLaVI j —aj ^ jJ I ^-Aj — Robert Openheimer jaj L ^A>j l o^jjj iJj-ju 

Ai t <</ I 1 lift!I <£. Lu-aJ ^y L^-JLa 4lai L,ua » — (jA_II^ i ..II 

P Ij.A l-Ti I J-OJlL IjjXa (jt^ tit LA f ^-uLaJI <_JLL*JI CJJ_=JI 

JLa J-5 < Cl\ Ij < <1 u-fll I <c. 1 *ii,A Q a_a ^ jJ Ij < N^io^N^iT Lax^ 

. c-jX^l( ^j^jJLLI f JLA ^Ia A Ll o tjafl 

Laj Ij i 61 no jj-a <a5l aJ Ij JaJ L t_fl^JUij * \ \ • t ^ It *Jj-aJ L^-XJJ I Jj 
j-JjV 1 J.a it a^a < 6j-MbC <loLlJI ^j-cu JjlijLfJ j A ill J_5j i <tLx <-aJ-i-a 

Vjl ^Jj i < i.a^ll p 1 »J-1 flf I Ljjl ^jl\ J i*l *iI ^lj t tli^Lj ^fl 
\ ^ jx Lc. (2/x. a j_j-I j 4 jJ j-c JjXj < N ^ Y V ^ Lc 6 Ijj a.*\ ji I JL-iJj t (j a t’jj-A 

4 aj jJ J juo |xj < L-jJji-J K 4 _*_a Laj LajIjI^jII Luj^flaJl^ <u ,j-a ^uj J 

. \^n ^ jLLluI ^ acL^a jllJ 
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* 4 i o^l I <-ij U 11L I UJI ^A mi ^ I <j-a ^ 4_2A^-*-a £-a < 4 j£Jj 

a 

t V < 1 Lf.j.i nj 4 -aJLoj <j (jlu 1 ^j-Jc CjLajlaJLI •v.i * (Jj-flj-a j jr 

6j^-i i JI ^Jc CjV J UI1 InAi ^Jbj ^_i£. 4 j^jA lj-* dJ >a ^LiJ * iA •% J ~i l I ^jC. Lg-l^L^ 
■LnlA J J JJUlXi_ai. I tJ^-* <j I 4 juAaJI t Ajl^ imiIL <l l < *ifl i 1 out i Joj 

< I Ia dJJ J JjLflj <ixj t 4 j Llll I j | (V j ~ 11 p Lij | j i <T. I t UM ^ i^ lj 6 j 1 ^ j m il 

t jjmi *G- 5 j^ia ^j LJl ^-A JAj 6 J-x-o^Li ^a < »i 4 j| j_A 4 fl i 41 jlA ^ ji I 

. CjLxu^tJI pLj-Lill a Ji Afll £ - sm \ £j\ L^j-a J*UA 

< p Lj-t a! I ^_fl «G-iJ--J I Cj Ij^kJ I ^yA LcQJjjfc LcLUfl (J ^ <t.~il pLaLal A I o< < ««~i Ij 

4j-uIjJ ^A <J 1 Jet iu a <jIj < 4-ujjj I cjjJaJI 4 nAfl Lfl-la I ia nlr> ^jlfiA 

■ £\J*A>W 


j-jaV I JjC ^I jjJ p 1 j 1 Cjj La^ t \ *\ VV aLc C\J -» 1 I i__u 5 k JA L^. ^^ 

jl <^ui <>» <Lill ^Jc f_=kill jL^I ul o[ • ^ 

4jI j c_l 11I1 ^| JLaJI 4 * mL t__JLaTi i <_L_j_La 6jl ^ *t 11 ( JjL_3 fc j 4_5l if* ^LLa_j 

lj-fl-A4 u . a 4, — * 1QN <jl 4 l u i 't jldll jJ-5 j5j * 4_u jLaJI Jni in Jaa.'i IjjLfl 

4_xJ Li —q CjjLS 4-jLI a .1 ^ j < i _yj^n-JuH <h£ (jja ’/o ^ya J5| 4 ~t ti (j I 


* cA^ *— j J^ ^ t^jC. 4l^Lc • I pLx-Jj| (^A- 1 (j-° ' O-tL^ j_aJ . 1-ti-ii *\ ill 

J-fij * 4 j > i i nl l 4jjJalJI ol^-wLlI ^JjJLa jI.J>.5l uAj 4^„.*n L^ lt.,.^t Ui ^ I 

< jljlJ oLLuj^. i t~\~k Robert Serber jj^jui cjjjjj ^ I -■■ aj jaj 1 ^ >^| . o.t. 

I j-A I t n il 4 ^j-o /T* 4-tS ^Jl Cj JI 4AJj O J_ic | 

C/y\3 - jLxlcVI J-A.U jljjJ iZt~± % ^_a J-aLaJllI 

4 j i i u\\ I OI^J-iloll ^jl L i-u -k lI ^A L J iij GJ^ | ^!llI ^ t 4^_^jJI 6JLA (j>® 4fuJll ^-aji-^-ljjl 


* jfc . ^ ill <_i1a ^jA aJ-» \jl I iiLS^JI 4 _=>JjLJI 4_i_»U «vH i .* i..i a^jtlu 

^1 Gorge Volkoff 6.uLu, ^ N'W'V aLc ^ L/ri ^1 

4 , 

/ V • j / \ • £ju ljl» ^LlS Lft ^ I ^J Iqaa L; I u^-®^ ^JLH-5^ I {j I 

J. ~ 1 a , i . "ii ., 4. « , » JU OL^4 <lAJ 4 aLj£ JjLL Lj < 0 iiA.itjll 4tS ^a 

U-° J ^ I J 1 * 1 11 (J^l il l (2A-J^L-0 6 j-uuC ^J| <_L3l*Va 

oljJjtSj JLa^ 1L| ^-a l ^M iLoll ^Aj^la C-P^ — j-a_il^l»j1 

■ cP^V ^ LT^ Oj l>^ u(j 4 jjI^ ^A j 9 ^ll I j-alcuj uflyaj" LlI^ JAj c 4 >Uuil I 
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j au«lj * Llj_=k jjaa.iII lA (j iijf daj t Jxfl <> jijllijj JjLfl LaSj 
^tiLfl^jVI JiJU Jjia i ^=k J jjl Pjll ^ nU 1 i }LL5 6 Jx.1 <xi a jwa < uajII <15jj 
^ 1 *aj m l <1 xti <!LaJ Jj t jjljlll J-k^ I Ij-A ^J| jlVu <*a.-k. i HJai 

^ 6j-ilU O-C' jLi-fj>U < 1 ,* A a l l (J*\j J-5 j-ajL^ljj| ^j| 

6j^XULA Cut^ jJ £jLJI (j-0 Iwkfllj-l <_lLqaJI jJ_U ijllAJ (jajll <LA j}l^_ajjl 

llaj mi eJ J-uj <jjL^jV <5L£ ol J <kflJ , .Jj jsoljl jL^jI <-i!aC CeiLk lj(5 < JjSU 

. ^JLfll^ll jjjill ^jJ3 jLfiVI 11 a Jla kiluLlSI iulioj jal^j j! Ill c LuLglV 

Jljj V < fl-i akJI Cj^LiJ-JL.J l ^Aju j>X jh it/ elj 4AJJ 

I J^=kjx Jl=u jU I ^allI jj | ^Jb I Jjjli JiAflIj , \ \ X\ jxIt jlo LjLuu 

(JHal <j^j jjfi, Jjjj V J-lClIJ Lj t ^ ^ ^j4iAXull <tS (j-o 7 N • j)C <Liil£ Juju J; { > 

jk.^ ‘i Wj p V) Ijlo^LS U'j ^ (j q IJLjJJ dll j ^1* i jkflll <x=x.L (j-aj . 1 ~i 

. (jlajLS <^U <jc. A^kS Jjjj 

Jljj V Lfl < JJU Ifl ifl <*l»-v il I <21 jjJ ^nj j SJjLlII J J^dJU 

, j oLu-ul^ 1>-q L^j IJ J. ^_fl j^u Lfu I Ijj J_5 I j)l i lj a t i-aA 

^y-fl 4 ~k > Leu Cj LxuiaI I 6 J-A I J1 a a--k 1 I 1a ^ O l^j I ^■* • ■■» 

< <-\ lil| ^Jc, jjj-» (jl JLal^VI llA t oL^jlj^ll (j* p I < “-s. <jj£-a ^ ^all 

. ^jxi^uJal I J Li-a | ^jC- <tU I ^jJi J-il jl jk.^fc. \ jfli i-uJ V I <_»j Leu 5 -iC 111 I J hi fl 

: ^3^5-aUI >; I ) fljj L+±i 

Ixal-Mi-o ^-ajL^ljl fj i jllJj uj Iai jI lS&c. 

< <J| (^lll Lj Ijlo <]jL2eJ aJjJ^k ^j| ^jll^5 j fl">j Q^~. 

^j9j . n\f I JjlSj t J-a l£J I j WI ^y_ioJ L=wll <_i-<a^5 ^.lnt‘t V J L-&JL I jj I J-=ej 

l>Li jJt ^c .Jj Cj i j LjJI ^y-S (Jj\ 1 r. < J-C.Lu lo ^ o ^_a L5 \ \ ^ Lx. jj-o ^j-xlja 


<J OJ^J til 4jiij t jLa^iiVI < -> u. “ i. i Jjjj J,l <L£JI alA Jil ^-iJ (N) 

■ 0*d*l u^l iJl ebLa^^l 4jaZ <j1 Cr* £*»* 

^a.jlll—U ojI oLjjjj^Jlj (T) 
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f jiLuiiI I f- Ijj 4 \q j^.1 4. t a > k a ti Hartland SnydGf j j > u .u 

# jt $ it I a ill Jj-a. 4 _jj, j.u2 t 4_ijjLaJI 1 i .fl AJ-Lj ^1 <JL»jlall 

fjC. l*LTk 1 Jjl I I JJh j JJJU . ^lut.uj oVjLsL-OJ dLijjjLixil I n t *1 1 1 1 ft 

jjjjlfljVLi jkLi O^lj « o^Jti it f <1.1 "‘k \ i pIj^j-JI I 

^UjjLJI £. a ^Lc <jL_aH^C» <Lj 1 ~ ^ Werner Israel < J_ulj—^ j| La-S 

* ijjb LjjL£ ^a 1 1 i.-wLaj t “ cjL^ILu^jq ^ju^j-j-oj . 300 years of Gravitation 

Ij uiuaj Vj « jxj_J I 4 t i < nil I p Laic L^ajALmJ La kiAl L 4 JLLj 

jJ-lxj-uj j-a_iL^Jujl 4»a.|_fl La jjk 4 a-^iAI I l^_l] 1 jjjua_aJJ tla^ fl ^jC. j m > J^^a 

jjLfl 4 4_jsLUf t aA~ ■ <■“ 

jkJ I jjj c LaLa_i jl jli > Qj ■ ■■ Q 4_kflL£ 4 t h< O-i^ I jj ji.^. ill 

4 A jL ftl l ^ LlujI jl 4 II j I L I Ijni. It 

^uLa^-iVi ^Lfl 4 a ^Ti 1 f ^j_a 4__uj_fl 4ilS> I 4_KJ I ^J_l1aj 

il I ^kfl (J tsi 1 , . 4j L$_iV La I jj^lxuJ cjlJ} 1 u 

4 4_ijjU=JI ^ki ^1 asymptotically kijLii 4_Ljk> 
iiijj jsuu < jl^JaL ^j^UI ^JP AJI 

■ o^.L-A-a cj 5 l^a <j*X. ^xLal 

4 - i l a c . ^7jLi <—1 J*AjL-4-1VI (jl 4 SjLljJI A J_A ^_fl a 1 A Lfl_a 4 j^(j l AJ J 

Ob ‘ <LjL £ l i nts** (5^*-° J-*J < 4jL^-jVL a ^Jl Ij Aliua La^ jL^jVI 

jlxi 4 4-alxJI <A. I I. nl l 4jjkii I J-LU ^IjJI ^ jJbj 4 C JL>U Jj-aj j_ui p j^iJI 

(s'd b 4 ^a^SD 4j^J La ifl 4 I L>* jjLkl ^L*-ii^U JjkJI kaj ka 

gravitational ^kJI j-^Vl qLJh^I" <kajJI *1* ^..r> < p^jJI uL>o 
0 * ^ LjI pjoiJI fjK ljj VI jjk Vj 4 red shift 

JoJjJI J-Aj 4 (Jjr^S I p kk-J l jkl^iVlj 4-uLaJI ^ kk.jJ jS jajLlJ I Ijjh 

, 4h<l I <Ja^1 L L^_j I ( ylc. 

VV *** . * 0-^f ^b ‘ olj-kl ^>a ^Vl 4 kiL a V iL ^ i j a -wVl qL/^VI 11a 

p 1 »A fl J. Uu < (J 4 -uj-l-cJI oL=k^il J-uajJ ^ .A ^ jJI oi>ll L ji-i 4 JJ-04 
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coslmologica! red ^j^ll ^-^Vl IA 4 J . cjU .^11 <*-a JjU"i a ^ j\ JjUI 

c_flV] 6JX. J-lc « j\A i)l I 4.y.±p 4jL >iu ^Icj t JXu ^ic. XA Liu I Ij shift 

♦ * 

ell j J_a I J .A * CjI j-aJll J * l £-o <_j.*. u LHi ^LjiVI oVj * C.uA a (jLiuJl ^-o 

j-L^VL <J <i^L c. V ^Lj_j( t ol^j-2^11 JJU ^ju 1. L.fl 1 6^-uj L i—a 1 t n^j CfjLlzl I 

* <UijLJI i_tvi 1 r> 11 

<5Lta i jV I pAl(i t <1 LLJI JjjjJo {jC. c 1 ^ 1 tr* u^i $ 

-Ll ^LJj ijjl^ll 6 j-A /j-o j-a.~kV I j H »->J c ^ a.~kV I p^.a^JI 4 I a t Lu> 1 

< <_»lilt 4_JLc 1 ^j-v > <] 1 -s. ^_Qj * L^Jlo j Ij-ill <_ujLJI < JLu p^jlAJ I <J5LLa ^_L 

(_£j-a |J 1 j a -wV 1 ^jjill (_£ J-a ^ 1~A n jjl <rwl^U (jS-a-i t 6 j J ^ ‘L^.jX) 4_u_uJ^-aj 

<L_-ajj j-ajLpjjI t Ur: La I j_A . <-»ijjJ I^J I CjL zkj^lI ^ j| < p Ij_a~JI 0-^.1 CjL^-jII 
LfjJ (Jl3^ ^ j*-*^‘Jl <jiuLa£jl jlj ,i_u 1 £_a * < lLoj ^jLj cJ^-ujj < J IjJaL ^ IjQ » 

I^J I (J 1-fl <_tKJI <■! fl LL p^-aAI I , 1 fl fl-1 6iM J t*CJ I Zj-O ^cJLuJI JoC <oj jLckl 1 6j-fl 
-S^iL uLj-o cJLuft cAi * La ^Jj Jj-oj xi qLjU^ * jL>-^ 

(_jJ| I <-C.j-i-u 1 a \if dUj uJ-^J < Jj-ijjI ^Jl J-A AAjJ I Ll^iS 

. p^-i^J I <£.^-uj 

< J L^>U I jaI I 1^11 ^-iJ-ji I ^j-o ^C. J*i jui~i ^ I <UJ LJ I 4-UU1 

tjjfl t . <jjt^ jlX I 5jUI ^_a Jju-iiV I I c-j-L ^.Qj fl ^Lll ^r.tn* <i ^yJL J^a^a 

f $ ^ ^ 

uJJil^-a jL t LuL^jV Uij ^jJlLu«j 4 -l o.t f I ^ | ^j-a jaX-^J I 

^ya ^.r^J | ^j_Lj t Cj L Loi ^mi Uflfl i n > (_)<“* A i Til I 1 J^J 4 mi il L «G li < ^ j lAJ I ^j-a 
<-laijLoiVI LiLtuj Cxf&^ ^3- i - u L^ a 1—fl < ts> *ill 1 j_L 4 n ia iijUll aL-A (j[J-^ 

. p LlA ftj I j ^j-a^J I ^ ^ »J L*\ Jjujj V I 4_fcftil I ji I a^*i*-u I 

* 

CajU itiU iillj (JjJLfi < jiLc. ^j-a ^-i .a-i i iu I.-o~> o JJj jJ 

La-a < J_i ^ 5 j_JI ^1 ajW I ‘UlL.IjJI L^JLfl LL ^Jc. ^ <H UI fl <ll i u a 

^ JLM-^ l>^ ' LflA.lj ^JLK^ ^>-12 oA>i jLa-il^l ^J[ ^Jl 


< ^j-aixl I t*t~v Jl c Lull I ^yic. I LuiJjJj LuLLi^J CuLl f jXiIljuj jAi L^Ajj I 

l«~i1.1J pLLJI oluLi . I c>lj^ oLVjJI Vj( Ljji (j ^ 

<j| t_jjJLa—uiI I ^j-a ^joil 4 dJUj < LjUl 4 liiflll ^ lluaj < a Q a ^-A i j-ajL^-ljjl 
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(jSj aJj * (£3^* 4-uJj-^ 5 ^ L » Vifl - o J-^l (_>Sj ^ ^ ^ *. * 

■ Jj a il I £> jSfl (]/l <<3 L jl I (jAnJ (Jjl_AJ wLfii . g- Ijj ) t n il e_Jj fl ill 5^1 L L t *M fl A J-^l 

jj L*J I Jxij (jl ii-cu (jj^jtic CmA fl-tl (jSJj C £j\ JAX U n il J-^(jl ^ 

< ol j* d*jl j ^ixA^iJI itS j-Lu Ijl Cl j^Jcj < j^j 

. J>4_uV I eaiiJ I J-A (jjSj OBj-cufl 


: S^-±J CjLouLJI 


^ Lc fcjLc. tjLutiSI J-Jj (jlS <jjjitl jXj).-kilLl ^LaJ-A^I SjjX. (jl (j-O ^X.^JI 
<-iILjJI I JjLa. j_=C I ^-c.lf, j^Jaj 6 jjJ-^k J ^ t_jflLJo-lSV I I j_A (jLi * 

Ch° (jjSJ ^ C-4-fl l^--o ££$-*-u g- LaJ 3111 ^ La I (jS-» jiJ I (J j ui fl . jlj I^J I ^ I ■ l—il I 
4 a 1 (jl j_o < CI cl> L^S * > 1 1! I ^ I j ^ 1 <iL t *LujJ,l oLskj^ll (J^L^ 

Clkflj tlllj_A (jS_» t CjLlu^Uiil j g L.A -flJ I (j-o oLa^o iaLijJI *Lj>j LS-oJ 

J Li 'Ll I (jLS cjj-^JI J>LA,j . Ujljji cjj-sJI £-xAj (jl ^j-jj l^>JI lJIaII jj-til 

(jJ^LaJI P La la JI cilj J Ij | J_5j < (^uA-t-lJ I J^V o (jU (J-lj£ (jI»Jj-uu4 (j-O ^pi|_XJ oLajil 

(jU=kVl (^Axj ^ > O ^^Ax-JI (J-a^jl 04 r.) (jl La^ . jljl^JI J Ufc-a 

(j-0 (J^-La | o J--0 JLil^uL (j_jSi I J | ^_t.xxi (^fl < I o J J (jA-o, \ -=k “i > n 0 

6 JLA < ij^jjl^JI OUk^il Ck_fl jJL ^jJI ^J-II ^| i CujJ.1 iAJ I oL^a 

oIji rL^ . (j^ 6 J < o 1 M «-u rf> ^1 1 t.llfl II fjc. ^jJI (jjSil (^lc AjJdjaJI Si-flliJl 

I^J fl*k 1 1,1 J taS I ^ ‘ia 4 <JLUI ■“> 1^ t» ■« 11 Qi£ q a 1 (j^Si I j l^£, | ^j_uj Q 11 1 

<_iX.Llt-aJ/ jLa-flVlj ^-ij Ij KiT k l I (j£. I Lo ^J| <j I CiVVl 

■ 1 Cj Uk^i I (j-a I (jjSJI (j-o OIa. 3-0 JLiAjjujV 


<j u . l V IS I 6j t CjL ajI 1 J1 iflxi <iV ^iCL* * -^lI j tflV Ij jtJjl j<>*>l I a .k 

Cajwj Ijj v— ~ a > Cj L^k^I, I 6 j_A (jV « l—a La. ix-cL Ij 4 t ~v i,. e > J | <? < . t.V f^j 4 >i > . ..I | 

. C*Lx^a-i S^-i-ul i fl^yLiJ I lJIj (jljla.1 L^-iS a ifl ^ 4 JI^JI .“> Lkj_a |_o| f cjBjliJI 

«, •• ** 

iijjU <_jjl i A il (j^ilLi * (_^~j aa J I cJLill (^Jc. L^_j (jj a ij ^ Llj-o ( Jg SJa iijUl v-llflllj 


I I < J L^-jJ I ix» j -O jJX. ^XJ_2kil I (J*.-a,j j] Ij f P fan 11 6 l^j ^AJ I 

jaa-VI gjiAlI La) < pl^JI (ji <ULJI jLill cjljj J»fli Qi t it t ^uLajlJ I kJjJal f (j 1^11 

_jJ_u J *if - (j»< a - i t il I (J. * - 'a . j Lo ^ 3 -Aj < C=kjjJ I (j-.Q* * c■" " * ^L_fl <L 2 k^—o (Jj UV | 
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V ^ (J Q l,ilj t j_ijlj_ll oL=kjI ^ 11 a t i Li ul~> i V C-U. a u-J I ^ya jjJ I I j. A « p I 
uu 4 JI I a^Jj . j L g-il 1 p j-j-o ^A 4jjjj 111 Llj I Jj> a j I (jj 1 iAi I 4_u L*j ^Ai I I 

. (J-cJtU ,^-i^-i.aJI I Ij £JjV I 4 j Lc Luuj jakj-J I 4-o La I ££j-» J I jl I illlftj Li 

((■ Liifli) 4-uVI <jHuu^JI diLajiJ J LflTii.t. 11 ^_lc. IjojG ^I ^uaIjJI 

CiLajJjU-a ( ^lc. JjoaaaJJ jjiuj-ta-lll I JJh * ~\ ioj) 4-_S Luia-rJ I <j-o p 1 a 1 j 11 ^£l]j 

jjJjjll ^Jc (jAjJLa jLu cJllA . 4a5LLuV ol^JJ ^ i.ti'i 1 <Jjl /m ail ^lj-a*Vl {jL. (j^jl 

LJI 6 J-A Cj Ij Jj < 4 l * a a JJI LJI ^-a.^uj juft gjI ^fcJa *u ^yA djJL la J. a J ij-a £y* 

* 

4 I i iiAuJI LjJLi < ^ifcAigll ^.i-XAq jif, LJjGSJ j Jflflj tli-l a. < L 1 J (j ^ <1 jljU-0 QxajJ 


JAlai LjJ^LJI jLjlI 4 uuilL 4-iLiJJ 4A_iJLa. OjI^ jjlj i Laj^LJI ^yA jLu £a!j1I ^A { jJ^ 

< I ^-t 4Tj ^_A ^L i Iq ^jLH 4kialliI oLajll (J« %) Lo^^LJI (> jLljJI I jjh 4 j*J Skill 

. ^^jSU ^j-J I c_fl^L*J I «_ aaouJ p 1 aj <J I ^A jk J ~y * JI VSLu IS In ii AlL 
t> JaLij Jj% ^ 4 4j(JLU 6j Ai LflJjU 6jj n"Jl 6 J^j jjLI_i j*j_ajJI pj_oo ^>^Jj 

£t-2kjl_jJI JjV # VSLlj }(_A < 6j li i y^h lyAlS jj_kJ 4 i—j£lj£ll Lol l Pj iSlI I 

jJ-u L^XJj < (j^J I jj-o Jjj£j I ^j -v\ l I L j i x U ) I 4a. IJ 41- 0 ^Jc ^ Jjjj 5 XtiJ I 

^ J Lt>a_o 4ijiaJ I (yuA I > In a ij , ^- u LJLJI L-A_iJLJ 4 mA a -la f A 

/ 4 i tig i til I ^ L ^JL U-J-O LUUI jjLa-i C/^ p 1 «A ftll i yQ <klOiil LIL-iUI uLjll 
^A ^Aj-ojJL "■ I --VJ- -ft j 1 -n A 1 1 J J1 nn 1, Lfl i jjl 1 / 1 I.I uJ—tj {jL. oLojl*__o ^JaJU Laj 
allj iyA ^jLju V ^-jil 1 a'ii 1 4 I 6j j i i^> j I dJ-UU L$_j I 4 -S Imi ^U 1 CjLx^II 

■ ^>^ 1 1 a^ojS jl 4 jj^ 5 IfLI 


4 11 lufti till J-LJl 4li iJn <i^ji_a ^A J i-ij j J1 * <Tfcl f l^-a. ^jLi 1 1 Ljj 

jAij uLi ^J Ij JiLuJI Ji-ilJI jA I j_A jj($ idj < jaj o ^Jt Ij-A 4 la a^ L i yA 

iaiLa^UI oLa^ll jjLoa-a ioilj-a ^ c_jlj ^jJlj < Antony Hewish (jiujaJb 
IjA J -LA JjL^j < Cj I ^ t 1 u^i A ll ^A 1 « >U 1 ^J^-4-ol^ J i ^aj-a ^A 4aA-^ljJI 

I (j& JJj J La 4 ls SLu^U i yu -A^ 1 _i^_aJ I ^A Ja^ja-i Ij 4 Ci L^jVl 

J-ocaa. vtua 4 iLajVl iiUj ^j-oj * N^£A ^ Ll < 4oxxilj|J ( J a ^ a J iS 

^ 4_u-a c—Wj 4 • 11 a» 5j ail I 4 JjJ I iau A"i4..l j-ij , ^Lc 6 I ( ^Jc 

^Jc 4 mi mg 11 ^ Ij <*A-o IjJ I j J L^i 1.1 4 -lu I j J ^A 4 ^..1A * 1 - 1 . 41 1 4 ( S1lm V J^aj-o p Lu 
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<LL»^Ja < CjL^jVI oLcjjxiilf jc^l <j-a <jL» <X.j^Lo -tij ‘ p Ij^JI 

jl)pulsar o^o\j J 3 I L-il-i^i jL^I ^^aJocelyn Bell Jj <C. i-i dl oK a3 

. jklx ^jjij-ujpLJI |v«Ai < j 1 idi 


jkL o-uiUL (Jocelyn Burnell Jijjj ad^^* jdj^ll ^ 4 ) J 4 <jd^,>^ oJj 
C' I Jj £yuJ^1 0^— 0 LdI J^Laj t N ^*\0 ^l_C j j ■* 5-A-aL^ ^ ^ i V 

V lijljjb > ^-v > ^jj| jj i* * ■ ^ p I i.tu I ^-8 plflfj ^7 J_}-4- dC ^8 6 ^ ji 1 <J L-uj 

ol j (jLi-lal *y ^ jdl O-o^J *Li1Lu.>UI (jC- <-S^Aj La 1^ u j 5 j!>La-i 

<La I -s. " i ..V | I q'<K n * (_=k ^J_j_o o 1—14 l^—A £7 Laj loj) I Ja 1 fl J LA * j ni fi (J5 *7i 

cli iC ujaL< i1 Ll< Jra l.t AIL < 4 Lo l(1 I 6jL-lai^I <-* U -v (I I . ~. I j * • > II 


real time 


ft t Q -i 




Jl o-3$JI ^ 


L>* L> 


‘ < 5 a ~ 1 Q 


<—a^-frl Jl ^ I i A ~ _. i,\ (jjjl |ji 

( j-fl 1^^543-fl -k I jAJLoj ! dJj £j-o ^^xi^JlII — *_J3-CX|L=JI jxic. ( ^-8 <La IajLmJI I 

^ o 0-8j 6 j^ax (j-lc ( J UA ^- i (^1 ‘ Sjxfl (_£-La p^-l-oJI ^.^^4 jj < •* t 

^jIj-^J <j-a <- 4 - 51-8 ~i»11 n Ouxiil I JaULJI (jl 5 _LflJ «intecjrated time 

. Llj ^45 <J=u l^j-o 5 j-iUla oLul^fj <liLo <_=x.L_u i 


Laj -8 i a ljj-l5jJI dLoij (J^iJ ^7 \ a . 5 jjJj j^y 1 8 4 ^ ^ ^Lc. 

CA-^ « (J4L a 4 .Till) JA-J J —8 J 4 J aJI J 4 ^>jJI 1 I d lflll >.\ 0 -*-a Jij Sju jljl- cfil 

4 s 

dj Lj Ij-fl I ^j-a a J 1 » 5 <jjlj| cL5 a-t V 1.14 5 LdljJ* J^l . ^ a 4^a La 5 ^jAa-a^ll jjLu^a-a 
<ix 4 iaa. x J 1 j-Lj^JI JjI JjAik.j . cUAj ^584 I4J IjijJ ^_j-8 ^AjV I J jZ dSJ t pLq-mJI 1 u.a~il 
I j-A ^-8 (£_j -8 1 < jj5j ^^ A a-q^J I <j LA t p 1 a . ■* ** 1 1 . 1 1 ^ I 0}-^“ (,£J-* I UJ^- 1 

L^^Ldlj ^jjVl JI>L >UL ^LtJI <jl JaJI jj^A c* 5 jJI 

I Jj| c^A^sa d M.J j t <Cl 8 ^.8-11 (Jl <-u.auJL I ^ 1 ■ ^4-04 V <-LjuLxu j. a 1 j I . ^ ^ q f 4c I ..1 

. ^-8^4-0 j4C P^j-ii 

<jia_t jJ 5 0 - 115 \^*W ^lc J r» 1 u £ ) ^)-o Leal I J*i 1 x-AJ L «^j J_-k La IjJ^J 

<-AjLjj ia j ic -k-k A -l i e ^L j 1 11 o { I^_kwa <Jj-la ij \ d l J>a Ua-i^j-ti ^-444 a 

^ji jl (-44^)44 j -bAO Ll5^f P 1-A4 ill] util I ^uuuuo 

6J-C A U ^jl Jj <—kxuVI ^L5 . aj—xiLi-a ^ Ij-fJI (JJ-8 0^ * 

^J-aX. (J^La-j < jI a JI oAL P^j-xia •%" > dUL5 lj| (j^-J Jajlj-kiJI ,^-a olj-xaj l t. 5 
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„ fi fi 

6JC. Jjj-» ^ _L^> I ^J I fl jin jj^jll p. j_J I jlJj 

# jf 

^-jljj-^JI ^IS i J.J1I t._i* aTi i/i < t i t i l LLaLL Iji^us (J x a-i « oI a i" i... 

4-JJ-*.4U <JjlI f LAj OJ IjJh (J\J^i (jl J > Jfc “>-* ««U ^H 5 ill 11 <LU1I I J-L xt» l 

. ‘ClLgJB I pj io^ix. 4 -lIc. Jj Q* ^< ^=kjLk JjLflj 

^ * LJLc. ll-A 

<jja£a ^ya ^jU ^uGJI lj_A fj\ AiiH Cj Loj- L t-o (Jj (_£ jJ jiAAi *u <jJj < J-iill CJ_^iI 

|jjh ol <xL-u W (J_» < <cL X1 oi<i >1 oljjj ^lx. « pL c lcuJI ^^j £***jll 

fi 

t 6j|jjJI 6 jjft 1 > JiLjJL p 1 a-mJI ^J ^.J) JI JjV t 4 ijtk aVI ^^J ?JLt Ijuli^a 

Jj ch° 4^-* jj-* 0-^1 < (j 11 ^ U^JJ J V. 1 ^ 

Itf ^ * 

< I > i"i 4 ill I oUkjJU (J i *ju *1 IjL^k ULilj < p I a "j a^U ji"u ^_lc >Li^jv jj La-^-ji 

CjLA M ^LjLaIiV jJj^XO JjuJL <j| jit i £-J-lL-u| 6 JjJ f <4-0 

. <uis \ ,r 


^j-0 ^ <jlio CjLu ^X-j ( <1aLjJ Jj I <,I>J I ^yjQ j*a !VI (J 

ft >S ( f „ 

* 4_Cjj»uJI 6J^-i *G J-i.L ^>-0 J I L±5Lh Lqj loA | (J I % I jl t f^yulu (J-*-fl 
<Jar^^Lll t oLc.Llx» ^jLgj Aj-XJU 5jjjJ <JluL^ Jaajl ^vjvj j i ,«.i lxiI— fi 

jAfl i <GjG CiLiAiJi 6 JjLlo 6jla Cul^ J l * ^jjuoll (Jl-ilI OJJUXul 6j_oluiil 

. <-u Ij • , • \ X 6 jJL ^ j<um oj t <aj III \ , T V W ♦ \ \ X U 1 1 ex! Li i (Jjfc io 

t Lkii p I i rfn fll I ^j-q CjLu IS ^-o V L*^ijI J_5 p ^ »| <J lijj 

# . 

Little Green : 5jLuJ IjluVi-kI LGM1 jjx-oll ^^» ^_H_oJl .\i»1 4 ,t,a sllj l^_clia 
jjjlI j t-i VI j i~JI *LcI jI ^jLijoi (i.t>i jJj < |\ jjuia j li »rt JLskjj Men 1 

0 

, ,JjLfl l-k A*lll 


IJfl ^li.uMJl Ljp^Lgj (jU L^JU-u j2 ^ yS Lj^ 

< Ujj AJkj I ^J| pJ&jjJ rj ^gVI LjSjIj f 4- iLL k Jj jjl JjjJ t La 

fi * ~ 

<jLl£[ i L^J . aKl 1 <_a.^ 11 LijLc Q-^ a a a ( j, oji.L) ( aH^—g ^.j »j.flj ^jC- L>^l p-(j 

6J^i CjJ xk J JJ I fJ . pj-^lJI k^JjJjj k. iS ^-qIa^j 

|J^ yxi^ LLl I yJ l^-Lfl 4_1 L^_j Jj t 6 IjjijS jJ I i^jJ I dJjj j I ftWiH I &S 

& 


82 



t e 1 a a u l 1 ^jA (jlia ^yo Luj i L^-j^xZui Jj O-h^V 5 j-lZiLa-o £_^oaJ I JjX. J^A 

<jlcj-4jj c \ , YVVV^ f (5J-A.I 4xi-0j S^oA <jSJj 1 jJ a a II O 1 ***! 

JJjJI JcLqjj , •.YoY'VN^jLjJIjN, \ AA* JjVI AjxA f J>l(jLjl ‘-AxAl La 

(jl cj < 4Ju t Ull <JjlA Lj* jJ->ol 1 (jl <Jf * j-^ AaJ I JUjII 1 »1 * x a 

4 I A Ir■ 4 J-Ula, <jIj_J| ^A < j-i -j 1 4x I jl <_pJJ-xA jj-Aj LGM LflU=u cJjjI jj-ftil 

jjC. <11 jja j.iVn Jlj I * ^>-oV L 4-t Al jxiu < ^JjXafLj 

j.I.aoL ^ L-a 1 ■ ti_ a <j^jn.a f \ 4*1 A ^aI^_jlA X1 1 fl Ajjb NstUT© 4 a \aiaJl 4_la^a 

. Obserbation of a Rapidly Pulsating Radio Source ^^Vll 

fi $ 

^ L j I jjL 1-0 A (xjj Jx-ftIL j^ y i<L, ^Ul Ll3 I ^ lill t flA-ti 1 *%l d-il 

* . I$.Jfc Pulsar j^l jlLj Pulsating Radio Source CaKJI * ^Lv-ill 

S jaJjuofL ^Jj 4_cuiV / 4iA Jj ^ / La 4 j-A Lo La 


; *Uj&h9-»»H JL * gj* ^-Lc jLS ^SL9 )j 

J-aJ < J^jia-J.1 J-jlA < j-o 1st Jiu 4_iljj q! -wViLjl ^j *%il( i_fll. 4 I 1 1*^ 1 jjLi 

^tjjLjJI La _t. I i ^j Lj y. t CsA ^mj ^ 4 p L-a—uoJI jiLm ~> | Jj-a LaLu Jj_l X ‘ AmuL^I 

c u . ju u c 4-fljjJ^a CaL-ajj ^- U xj 4 a^aLLII 6X$J j a *.hAj JjjuojJL 

S^A(Jai I 6 iXA LaJj 4 LJ L L^_jt Lo I j l* 1 < L^-_) 4fl 1 LI I ^ [a 1 1 4 11 ^ a ^ \ 4 ~ 1 1 

, 4 >*s i 4 j j^UI ^j.'^. Jl 4 ^.txa 

Cj L i AxJ I 6 J-^A 4 4 iflU ~ l a £j V liurw I 01 0 ^^* ^ 1 a^aLajj Jjj (jiujjJb £/-j JAj 


CxJ 4-0|J>UI LSliaJf b^y±C. ^.A.,j Lo J La Ll 5^ u 1 u>a * 

jLi-ol ^jlj < Loji (jl 4-^ LT® * oLlAaJI 

k J ^1 4,5-L • 4 aj^j_oJ I oL-aj-JI A j-A (Jit J^lj JLlI^I Lou I J-Aj < ^jjljj^jaj 
AjtjJ ^ O* \ *Y lx. ^jJ^.l rv k.1,1 4-i^u rv ^ 1 < J^JU,4i a LSj^J I Ij^V 1 t 

La^ < oLAjUI SjjhLL JIjlj <jl l>* 1 cr*^ 43^ lt® I 

4 oLn^ l O La A Li |Jj( Ja| SjjJ I L uj J4 jAl I ^JOuJJ oLL^aJI A J-A (j\ 

4 JjAaVI ^jLa^II ^ 1 . A . J . 1 11 f^l^SV! oJJaj i LjLIII C-ilVl JjJ— 

. <AaLoJI oLL-uaJI <Iu-OjIil Luo ^yic-l 4c J ■ UJ Jjju I q lt>vi Lo 4 a tjL Lag ^J 
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<jl£ NMA jJj-ii 

jK¥ (j < * I t A ijJ I ^ Ij5 V I ja l \ uLaJ <JUjJaj 6 jj-u Lla <a^o (jj5Li j5j < 6 iiA 6jjx^aj 

j^oJ J-Aj i <-flLJI 4 M I n't II Cj Ij^U ^jl ti^U-kJI ^JjVI CjLI 1 it -"kl 1 I ciUj ^yQ 

LlOJ I ClLLm •%! 1 6 j_A I, JIa t ij i J , 1 4-tj «LU I Jj j3 jj I |LJ. 1U £C_1—Li j I 4jl i.L 

AjjJ <j-gj jliflVl 6jjh jjjia (j-£- o L^ j j5j . V_jj-t-u Ull r l ^-,... l 

^ j 5j-fi .Ut—i.A £-o * Cj LI in -l! I ^-a Jbjll <jl ^it t i—flj-ojj 4 _jj Ij ^gjl juu 

V L^jI ^Jj <it^l CxLuOjj f CiLa tLiil olfll jtaVrtl (j-o Xijja £-oj i ^ ^ dlxo I 

. pIjAii LoI^AI L>\ 

^ ^oJI oliA illJl <jjO j-i^ [ Q jir~> Lfl-llt pi 6 J j j J-UXI I j | ^-A < K .t u l I CiJ IS 

* 

Jjjloj uAm ^IS j«Lf < LA. Jjlx* La I l-v I eJl jlSj < ljo,j-o I^jLuu^I 

. UajxxJ I a U * »■ 4_i_lt (jjLLa i ^i-j J t,u Jajujj ^yA t 4-uLlM 6j-a (jO^Ll 

j-iJ LuL^Ji p 1 ■ Ai tl I ^.lysV I JLoJL^I ^_Lc ^lo4j <y LxaLS i, aii*\jI I j_a j^LS 

a <jLS 6 jLj I jjl SV I I t I tlUj -il-o 1 <n u £j-i-ul CjLl^uL CiiLuLi^l 

\ * 0 £ ^ It *. Ur I ^LUnfl J UJ_11 Llii £jj I jlI jJh jj Lia Ji lijI 1a 414 « I tt*"i^I 

i <L-aj Jiz I j I Cu ci I^l cjI^Iaxj Sun jL Ij (j*yi j_5j . (jy-cJI 

jjjSu La I, kV ^Sjli I ^ lil I Li t La^ Ijj <_Lij^lijjj L j^» >. aLv*! cj IjL a-iiVI 6 j-A <j ij 

. Lijjjjjjj I A, ^ i (Jj^f (jl LlAjILo oliJLj La ^ i JJlta. JLaJ Jj t ^jliajxuJI | » -iJ > * «J I cu m j ^yA 
ijJt Sj* t ^Jj-o pjxAjj < JjuaJL jAi u jx^lil I j-A (j| oIImj^UI jLojVl Cj Ij 

<t j <.«.J I dJ^-i jA uj < LiA-fl jj^-Ju dJx (Jxfl Jj^I 4jlAjI1j j$j j-a I j_Aj < <LuCil 

i <CjjjJI 6 JLQ-i 4 o»a-w jA /ii <j| ^jlc. t VL^» ^jSiill (,i ~l | j^uaTi i j m a JjuI 

. <_» j_» J I jJ I CjliLU I (jji ^Jt| 4 -ijjj-q 4 a I U ij 

—<5 ifl^k L^-j I £c a AI I < <_lj jjjj_u ^'■ ^_A CjLAjUI ^jLi I i ufl a 4 JSJI 

6 

Cj L^J-a p LAaI I ^A ^ itj > < Cj I j Ij J Jj t Ci 1 1 A i Li Cu <i il —I j ,/u <il 4 ut i La ju$>f ^Jc. 


Jj-fll (jl {j* 4 *tx 5 jJI tillj Lijjta L« (Jx-aAl ^ja t^jj-uuLa. <J lc. jLa-iVI Ij^J u* i 

a ^j jj ji ^jJ(j j Ula jjjLli ok i_i~t^i ^jJI cjj_wjL^JI (JiI » o-iLy^ NYA oiL^ 

{jjjjjvl ^yjl OLjlu v in Irt 4 _ftj I yj J i I <JLui J ^j_J I aj^ 4 w./ilL <jLiil ■ A ljx-a 

. [ p -w y A I—L^ _ tl f 
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^ p - - 

I aj_A Jaju t 1 ^ Ln-u (j-^* -L <Xm <j"0 * ^ «- Ai l ‘ ^ J^l* 

fJ . (Y-Y J&jm) <i\jjj <> Sjjj J5 u±Jt I <tcL»-iil jLi J^ £ibH 

Jj-a. i—fl-fc <-ujj-»j_u ^kj aj ^_A <l!j t-i ju 111 I %JI ^jLj Lc LSI I ^j-A La <J La J—*-j 

‘Li MU j I Jj >■"»" <_CJ -> *•* L_> 1jj*i III I JoA ^ic, <JXJL-a <l nfl i I Lj oai Lfl uiA j 

. gj < <al I ^j-o LujaL 



j^-Laj < (JjLa a JL^ jj jJh (j-LtLill ^il\ (Y-V J£ii) 

jLiJI jJj-o g 1 1Afl J) ^A 4_Jafi ^j-o L(juuI 

jL»_a g L_j_uJJ ^ Sjljj L»j^ oLAjLII Sjia o-il£ 

cr* ^ ^4? <>® <jl lt^- ' ^Lc. ^_ijj L^J^ll cJ^2i L 

^ d" > U“° L^J ‘ T °my Gold J-A j*j ^ > 11 6J-A JjC. jj iAi 
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« a[ <7*-!^! j-juj (ji j I Franco Pacini ^ h^Li j£jIj-A L*JJ m j_S <jli 

^Jj jL^Ju ^ji <J jj _5 ^] LjLc L&^j I (i^UJI I4Jl^jjjl ^Jc ill Jj (jdjujj^. 

(■ 

Li.1 ft\tl JI jJ^_lA iJlc 4 mii * fill 4la t jLl ^ iV I ^Lfl ^jjjjj_u 

^ I n \ LiliftJU <JL=k— 0 jljjjj t ^-Lc ‘Ux.ljj jk uil lA 2 * Jjlg fcll J^) 

4_CLjluiL p 1 -in -fljI j.aJu i—flj jui ^ ' L 6 La*u | l- ofC i^j Lfll I ^.j Lj n ^ fcl I I J_A t a,.i jui 
(£ jJ I j I a ij I ^ Lc 1 .fli | Jju I dU J la Liu j i n j-> La _J-Aj « ^ -■ *• _>L LuLajj^it I 
^-A ^ U/\L ^j-a p1^ i^>V I jJ^a. <j I <J I JL*JI ^ JX. ^j-a j-Lu <1*J . ol I <L±A I j 

|k^ 1 I 1 0^ C/^ 1 ^J^ajIL p LL>I ^L£ jJj—a. >^.irw i 4 > >- A ^ Ij-A 

Arecibo ^ \.£\ ij 1 ojjI xaj « i *> ujj a I *t.-x *ti ^.L o < j-u aj jjjj-jjJ I 

^ Li u jjUaj—J— mJ I L £j\ jkj—A u-AJi 6 ^-LxA ^oJa 1< mV ^ < 1111 > 

jjt Jj-=^ r jj-oj (jL^ 1 j5La * j iti <uiLlll ^j-a ^ 3 ^ (jl 5 Cy* *ly^ iJ-*-aJL 

. L~J I . I 1 ll | -v i I I < A I t t I 

la£ t t» Ifl iCkjJ ^Jc. Jj cJ*^X>J t jLij 

JjijSj ^ | J 1- k li xu P I 1 jk IJ>aV I ^ LjjL L^La pj^=k ^A < 

idlj jJj-aj V j5 . Ljj I 6-i^-j l^.mA i Ojlj j| < ol..^»LUf il 1 

<~vn i fl | J-^k I jJI JlAJuI 4 411 jj-liI (J-L. 4 ^ -lL -fci oLu] ^-A ^ k-i L^C ^JXJj l ^ ii t i 

jtJLi-<a ^j-A J-i-TkjJI JLoJL^VI pit 'V 4_J| Ca^I Loj 1 4^J IJUjI *GjjJj La jjl ^ »i 

Q-^ ~i A jJl clU j_J ^ylil I ^ Aj jJ I . SjljJ jl 1 fl.*k 4-fcAilj p l^uj 4 I jkJ- ^ .- l I I 

cLitil \\ £j\ <AjLuall jJ-ljA ^jja ^Liij 4 p I J^iaJI i^j^Aoil > jkLai uLJI 

Jjfl.* 11 ^ya < O Li..Aj Li I jkj^k >11 e_fl ( I |k Lc (_^tAj p I I l_jj_LJ I J La^a ^A 

jk Lc J-ua l_j LJVI ^-i-ik ^A La.i. u L^. IjjJ p I Jj i-ul I ■ _■j° »11 S^^A Qtll t CaJj I 

\Mr 


. ^jlU- N^V£ f U(\) 
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fbj. hJ) uifrjLU) j-0 


cjL^o £iiu ‘Oj£ll flj*1 t-JcV ULL if LkJLj ^1^^ <-{>ij 

,^-i!u ^n3L« /^ic cjI^aIj <*Jj t-£j^ * ^\. uu 


jV Q J 1 1 < Cl I *t 1 . i< A-d | <(_) I J_l ^£LLi-U^U I J-fartjJ I ^ t’tC > ^A j^JsljJ I J I jja J 

K *j \ | 1 Q. v->Jig < La LaJ I < X \ mail I LijJaij ^-»Jjj-o ( <LIj La^j ^Jx. ( j ^U p Loixl I 
£_LLa_a I p i ^ i* 11 ia (ji3^ ^Lo L-^- 1 Lfli^aj 4j^JajJ I 6 j-A pit f J <J-o 1^X0 

j(>o £-* *>LJ Ul^-Ul (ji j J ^ U* CiLuj-«. 7 laJ1 

6 Jjfli o a^GI I ^j\ ^j-0 I ^Jr-j <<LLliJ I L_JJ J 6j ^ A < -j.Arv -J i ^joj CjIjLaJ ^I 

1^ tfl O i n <j Lif£ < Lu (j Lj-ojui ^-j-jr. I ^ 1 1V>1 I ^ I V| <6^-aJ» I cLL Jew I j jJ_$3 

< jJj-A J Qj \S J-.fl fl dUAJj < j &3 i ii ft <Lj_iIjj A —oj! J 1 V\ Ij Cjj-ojj jL^-Jul 

. jVJXjaJI Ojlall I SjI^A £~o ^Aii LUj <jJ j (jlo J, I J^La^ <ilL 1,3 < 7i nl 


: 44|itu J»9 j-^VI C b>J^ 

iaLaJI a i iMnll Jn» Vu.ul. I cosmological model ^jill £*3 >a11I 


ij- t- fl i V <j5Dj t Jj I^OJ L» j I ^-aJ3 tali Li p l^_i_u I j »•'* UL5^ ‘ ° ‘ J ^ La I <_j Lii I fl \ 

. «ui U J^% I (J L^-a <\\ I <nl I <jjlr>\l I O JjG ill] J jjlC i Lull! LjSk 6^1 L 

£3 jj i-AX I La J; I Qj j 4. r> ljJ I (. fljMi-lXl \ fl fl * o Lx»I < I IA *11 ol "W Jj5j 
"jC- I A (J_fl-> V < 1^3 f Jlj <aj Li La^ *1 ^ajgj ^_fl II ^j) -y \ 11 ^j-U l^„i.u3Va L !">, ,i,« 

LujcLj LaI^j ^lll *H LH 4 jLuI ^.Ajj *5jL xjJI cjjJ 

j X i^ a » t 1 ^ i If ( 3 ^LI La^ <Ci 1 ^ ) I jlj < liiL-u J i“i C .I Laa jx£j I ^ UG dJ j ^j-a 
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U l~*l I ^J I jj 111 i LaS JuloaII I ^^j-U^La ^j_a oils 

CjIj-xII ^j-u p I i A fll 1 |jtj -ill L^JxJU ^jC- JxLiIIj CjIj-^JLI A j-A Jj 1 I j fl-t?j I 

.Jjll 4 t.nl <Ljiaj OLu3 LiS Jr> uAlL < jljlaL * 

* Jj£Jf » fl tnj ^—fi I flJj iijJaoll ft j-A 4 ^ oLul ^hf. J j-A Ij-A J \ ^j|j 

jJoj <4jllj JfrJJu^aj 4j^1j t jIjiaL JJ-ft-U Jj £J( Jl JjLl-JIaj] 4jjJ A jJI Jj] 

jLiu$l p Ls- JJj .0)jX»ull Ij-A ^i_L J-oLc. JLkjL 4jajLc. JjLa. Ipj^uj 4-jjji suj J| 
4-ijll JI (Jjlj—a Ij)l t-A-t JjjJ I JjjJalLI J-o J-ikl I f J_c < Jjj.i. ^5k II ftL-^.1 fl n JJx» 

O^L aJL lj £-=wlji.l L L-u ^_fl £_lAj J JLajJl I JjSU I i ^jJI Cj Lla-o LijJ I Cnlfij <4-0.1 < ail I 
LjjO-flJ i yu Li-AJ I ^__A 4-0 L*J I 4_iLuiil I Oo. i.i-o) jilj O-U J) Loj < 4- I 4 i ftltj I 

< " # i 

^vj < ft jJLj jux-a 4-laAj L»_uJ!$Lq I-Li Jj-q Jj^J 1 j.a£ JJ-^-H Ij-A LlJjjj .4 xojJ Jj^-U 

4-fl-Aj J-o i £J I^J I j-A AilajJ I JI -v fl tV I I JjA t ^yjUi< 11 jL^-AjV Lj ^y O -xjj U-i-fl Oj^Aj I 

. Jj^juj | s_*Aj J I axoJ I j L i^Oil 4—. Lm^tl I ftjjA-oJ I < 4*a U I 4_ix*-all I CjV J Ia-o jiao 

p^ < <nl U < Cj I J*ft ^j-iV I pj-i^aJ I fl Jjj I J >-L-ft jj I ^Jc. J-A Li t J I p L%j 

^ (^L^jll jj-illl a* 4jjUj-u ^ c^-ill 

^jLj 4 i Q_> Li I Jaji^A.I | tSA <4 >J^O JljJal ^j-o ^laLxo 4 * U L5 Jj-L-xo ftjLc. 

^(lo ftj Ij^=J Li 6j(Tu i*-o ^ 3 -Oj_i-o ftjJ-fl >( ja »*o j4 r>"ir ftjj ^jc. 4£,Lax j UaI CjLi( 

■ ^lojL-^-q 4iRj iilJjSk t (xfl Lfl jiiQ I Ipj-a-o jlkj 

( jJc LJjLJ La5v <)j_jualo£. ^j-o I <j_o u I—° 4x1^111 e_fll—ilaVl LJ-Uj 

I I fl-» > a ^ ^l^oo fti.l i * i CjIj^ a <_oJ LflJI c-fi(-i-UVl JJ aIII 

.4_u-OjV I ftjilI I 4 i^ullLi ^axVI ^ I 

i J f 

CJJjj I fl * lli] I 4-J-La.j J^L^ Ja^ JJ < /~>J I ^ | j^aV I ^ L»j-i V I IJLA 4 ^ -vj ij 

1 o-i fl p 1 »A all Jaxi (^iL>ull j^-u^Lo jj * " ^ ■' JJ ^ jj I jj <1x^11 ftj-A ^J 4 a U5 j ^jJI 

<dlljJ Luj p^ 4 All l-ift L-fl <4 i i44i J! 4-ijln.il I jjlxj LLu Lliljla (Liu 

ts^y* ^ u\* Jj ^ 4JL5-UI (jVj 


. j a Io J I ijluM |jJ 4iSf. ^jil jlS JaIaII I j-A jl JJLj Lui jjLuiuj ^0) 

JaJ ^irt-itil I Oj^UI ft Jjj JxLill ii pj »l i^JI jLc I j$jj I ^aj.i o ~^J I lj-0-i ^J-ill 

^-i-U I U) <A4 JjC.V I 4jlL( I ^JHA A u.11 ^-U41 [ja ^A4<V I Jiltl I 4 I—LiAti jij jV 1 4i LuuS I 

j*-^-j-"l j—I 4j>iO-a ^‘nai ilj A 
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\ flh^i (^*111 j-a I ^A IJ-A < (')^j^ill IjLA bLaJ <-^.L^jl jA ja] 

.JjLJI (J<nflll <JI Lij^iil ^a^VI 

Jjlj eJJ LjJjjjj J^Ia j^ilL ^LjjjJa ^ L \u^ LL tj-a 

CtLuiJ ^_£l_=k.V I £" Ljjtf I | ^jVl <p Ijj u « J 1 CJJ-UI 4 - * -^"* fl j 4-fl^-t J j f - LjjL^ 

« r km Ja 1 fl l J f t t > > I I J I ^ I flu | ‘ _' ' ‘ "* Jj < Lit dl Ij'V A II 6 j£i 1 < I -a 

CjLaL^jVI Lit J_£.LlIu oIjaII <jl 4j| jA ijjlill (jilio <jjJL 

4-lrkflt ^| ^J) c_xfl!j-o ^( L^JaA^Lj ‘_flj-i-u JtLuJI ^jA S jJj-aI I 6j^_fl j^jA Lii I 

j-A ^aJjAj 4 ai^-k ^jl\ 4_iL-<ayL^ 11 a j-till (j^lj Ch* 4 , L fl LX3^£ 

^jA t> j_A d*iL^ . J-Jt -Jl I 1a —q LiJj-La c-txuLllj <• Lit olj-A-L I JJU ^3^- Li j i 4i| 

4j|jj ^jj ^Lm^U 1 J i s>jl I 4 i ia“i Ij jus i u | ^.i A i*slflll Oj-iljJ I i-taiaJI 4 i &1 aJ I 


* 

I j J iAf) uiA^ ^it jJa ^ jj la*\ ^_fl ^jj j 5> laJ I lf£ oli mi ft ■%! 1 JL^Jaj 

0 

4jjj JI^JI OLajJLI ^jjfvJ 4 jL fl in11 pjxiJ . I ,j_fl d ii ..iLI 11 A jj ^i I oL aj-qJJ 1 « iT.fl 

<L x fli il I £>jj n-t 1 Lfl <<jj * as> LjfcjJ i< 9a JjJaj (PjxoJl CiLaj_o JjJal 

1 Li 4 In fit II, 1 l> Luua Uol IjjJaj Ji| OjLajII 6 j-A Jjt 

^Ic. Jj n r* -J I ^Iau^II < r ll all ^jVl ^lj-x.Vl ^ < T u > . J l 4 ^-a <iLi cllj 

a j > a 6j j j a 1 4 j£**f L ij < r LoUoj jj-fl jjL-i^ aII 4_uj1I jj i r>ll 


jJA I ft * i j J <6 j(a 1 l l J^ j *J * La ujlia jllai »jLlla ^ ^...~ 1*'..^. iJJ jj (J i lfll I 4. . i^.".l | 

<-JJj-k-alI oLajll ijjjVl u>U(j <<iojiiJI <^jj-L-<aJI CiLa^ll ^}» UI JjLSjj ji£l i ^ 

j-®aVI i jjU 4^-ajll tjUkll La^ < jlaJJ I 4 j-« J^lal .L i L J I Qj mil ^jll JjJaJI ^jl d* 1 *K /ajLiJI 

^ LA>^I c> J>Lil 

Vji° ^ JJ j-* jLkj ^ cjIaj* ( *_du ^^lll tdt <jjjjI^J l <Lm 3 j (Y) 

La cK LfljJxo-i <i-L^ _ i U l ' , maj L> ^n Lb] ,(^jlitJlj ^1 jV I *toJI oLa>ja) PJ-uaJI 

4 _i-k i-u fl’ ^ J l Jl wUj^ ^ Vjia JiVl Cil^jil dXJ j ^ Loj « J .... > Lt'.i cjIaj-o 

I La U. 0_>Ju 
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jJqj jitA/> oa •%.I jSj «iLall i—>jj ^Jl olj-aAl k_i^a) fLj_i-ojjjj| 

■*■ 1 ^.a LcLlolI x^Vl ^jaVI ^(^aVI (_£^-»jl^JI j <JjVI jlj^JI 

. <jLilli Ujj Ifi Ij <4ia Li-JI ^Ja\ 

' * . f. 

i_ij J 6j-\afl <<J I j $ i Vi I ^jaa ^LiIa Ij-Aj VI JL i J *,-i. t u IjjJ I j-A jL| J_Aj 

* 0 

^A A ^J.LJ jkJAfcjJ I tlLtiJ rP LajuJ I Jj-O I 1 I X A 1 ^ - 1 a. (JjLlIu J'Nitj ^ic. 5j Lkil I 

(_£ I <J J 4-iA I £t=k ill I ja-O LlUa liAJ jijA. J^iju \ ^ 0 \ ^k lx. ^Aj « I (j LCu p I A j ulJ I 

^jjjl^ll <ixJI jjLx-oI £-jjj_ill «illj (jl <_k_i JLS t Cx&t cjl 

* * 

i 4 j li~JI cjjJ £jLk jJlj CjI Jj <^^UaVI ^-Lr Laj .^ _> C »< h j l Ifrjl ^ SI aJI 

a j| rFred Hoyle Jjj-A j^-a (^j~^ (£ L>JI l*iA j-jjj • I (j lo 4 a a ^ -m jLjuI 

^jJ La j^_Aj f^^jjj^akV I p LoJjlI I J-A La-a jpi£| CjI^II v _flV ] 6 _1X. £_Lu Lfl LL ijuj L^-i I t^Uj 

.^JLla 4 Lai 

Graham Smith ii.t i a a >j ^ La I ^La La_tic. «^LaJI ^ <» q * ^a cj^QjVI 4Ja£j 
J j5j Jnterfermetry'’JikljlJI ^uLS" Lr a^i j^jJJ 
‘CygnusA. (^)j iakL^jJI jkj-uL v—SjJUi 4_iLiil ^JJjlj jj-ua-o Jj J~*~ tl 

^1 Lo£ j-uLilI ^fl < J -kIj J,] ^A jj » qL A ^a J I ^ljlj < nfl. a! I aJJh 

(2)^ a > til> !-•%■ i jk^-J I <jaijJI 6-LA Oj^J-L J-Aj .^Lfc_fl <-» jJ La-a (^^-AI Lj^ i u h jO aa < <i i PjJ^I 
< LijJaA j J A > Lj$.t ^ h < lull 1 j|j) < ^'i A i4-\ ,juajV I S^iJI J>-uL^-a ^a J 4 4*> jJ I 

t of \‘>jj J (_i j_jJ I^J OaL| L^l VI LfcjKljl O-Aj ^ i*> A ill 6JJh ol_ul5k a I v_A» ^x.jj 

<_yjj_^ll <ma l _yJ c - «*» J La^-Aj ^ji Rudelph Minkowski i.u 

1^11 0^5 ‘ j 1L J a JI 4auj <j I 1 (] i Aj J L» ^j_L J-Aj . <j Lili I J Lk. 

I ‘La.Ia.jJI 6jji £ja A <J^jj|jJI ^JA £gl <6j^h A“l a 6j-% a 4 j| j>«J-JI £jLi£JI 

VI j^-U.i V <j| 4 Laj^J oj Arklf ^j-o ^jj<a!I <£,ljLaii| VI «(^jj>jI^II i»jJI iLL^JI 

J L j^yj La r<Jj J 11 o 41 l*ll I ^J-aV -k. P I.axiJ I ^_A <j-4 L 6j-i-i_4-0 

^Jc <j| ^-‘ulI 4.A. ufl ^j-Aj <<j LL L 0 , V ( jJj J A A <4 1-a t aJ l^lAJ tj a "kV I qLJjjVI <L-ojj 
^Lj fiblo recession velocity jaLu Lljouj <I j ui,J I ^u^L djc. j_ju 


< i -^J-5h j i JJUI ^5 Ij! I OiJj 16 LajV I I JJh t_jLfljj (£}-* I ^ I ^J-uV I ^ ix i ^ \ ^ 
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jji b J-O 5£-Lu IjjJj SitU Iuj US llutajl ^ jio>L£ Jr^- ^ 

. Ill 5 jjU-ll LjxajjK <lu U 

f 15 ^ <(S J J Lao < j t u j - l x<al l Ij-A jXJ ^1 Uj 

I^UjU 11a IIa^j Jl SLcl^u-o JI 3 V <L$la -iaJ-*JI ^ I3JI 

^ Y^o ^5j jO-u^l 1 j_a 3 C 295 j.\ m tl f>LLxi <£j ij -x a S HjLS ^ l flL . Uri 

I <^kUfc,j j>wall . IjJj-a-o 1 V\ jxolij \ ^ ^Ic J-lSI ^Ailj <3C jx2j jrjJLiUI 

1 ^ (l*iI j ^-aS a. vt -v. o jjL^Ii a i a ^JS cuMilj «^L£JI ctUj 3C 405 jxflj i i *ia j 

£ 

^Jc ^^JLz^a ^Allj < (3C 144) Ua^- i -u JI ^ >J * all (Jj-a « ^llj JjjaJU £-1 La 

j£ll I. 1 A (Jla »iu L^-lSH ^ll I iflUaJI jjLuoil b lA J 1)1 <j«o 

£ jrXjis*. ^J la i fl » QJi JI jkJ IjlJJ Ija i ^SJj r<>iJl 4-^3 ^ic J-=a I V !■■» aJciV I 

^Iq"* i^lU UA IjSj JLn^l ^1 jLil ai N'HN 3 IA Vitalii Ginzburg 

CjlxaJI tit) 3!^ < 1 odj 4^ All ^ulxill I Jr. (Hill 3 -c.Jj U Ij-A ^i 

IA Li < 4 jjL 1 o) 4 -r.j Lujj 1 (j LjlA liLL L^aLi <^y=»jVl ^Jc 

f^Liljl ^A 1 * L*-o ^jJ (j 6 j a . i ^J I oljAJ gxfj IA-A c- fc t . i u» (_>«=>jVL QaJtujI 

£o-Oj 5-iUta 4 . 1 j- aVU Jju <*~JI CuLS J-fil .Sjl^-aJI 4-2k,jJ |!OiiL| 

(^-11 6 jj *^ V I f 1 (j ■ “ f. Lu I <S <5 Ua jjJ f * 4 _lo* 3 jV I 4 _u j UJI <alu 

# 

< U i >< rf^i l Luj^ 4 jI *u» . jajVL I ja.Ikiji jk. <JjI j^ <AH 

4j 1 -V 4 u 1 1 oUjJj^.j oljJ ^jLw*Ij8 ^^j-oS I j^ju lift tl ^SJj ifJLabJ I J-^S Hi >.ti ^jLi 

. 1 6 jl< 1 1 » LaoA ^jUaIu (^j-Aj Ifl (^ 4 jJ 4jjlill 

(jjll (^JL^lll ^LaIVI ^Xoj g-A U,J ^ill iilUl JjVl jj .nl.l ^JSljJI ^ ^A 11 a J,j 
J>^? 4 >AjJI J An 0 1 1 ^,1 JJU ^3^1)1 *JijOX. jjJr. laiUkj 

iiUall jj-o 013 Jjl lILISUL <jli <ljS <j! "kail UUaAj SjUl ^j-a LaS Oxjl 3 I *jJjI 
. L^ju> <iLUI 1 3 >Uq] 4 J 33 MJ IjSj cL UjlJ I Jllj cjAUllI Sji jllj «*L±u U jjl 

L^lill ^ J*A^S ii^jjljJI Cil>UI JL jaiA t>o ^(3^1 J^Ll 

<JjI_A <-AJsl=w oVL^-a J-xs ^Lxa.VI <^1aj J^i I 3 UUI* pLcJaJI liljjl <KiiJjlI 6 J 44 
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ft* J lj jilZLo <j| 4j I-IjlH ^yA Jfllc I La . q 1 .*"KI . Ijj XaJ <( Jt flJL 

c jV I fjC. <-i-4j—a j*l iu y I J.JL41 ^a -u*> < ( J_L_fl (j-® (Ji-C 6jj Ii jJ <G I w < A~ I 

Jjfl <pj-*All 3 -C.^a«j ^j-a <jULL * * «m ^j-a 4-g. j a h i Jx.LtIj Lfl iaJU 

(JjlA jl Lc. ^-u^lj 4 4il ft. "*k ^ I « LuJ I J^n J jilijJ I (j-p Sj-uiX- ^ j-l^ I L 3jJuLi-u I 

•O^jVlj ^ A i t JI <jj£J 


: (o(jljlj) £ Jl) jQ$ xl H qL uu) 

J_fl ^j_Tk\lI 61-i j-tiLi jkj-JI ^1 ^La-o. -kV 1 > q( ^1-<l jt » 6jJaA Jjl CuL^ 

jJaoI optical counterpart ^j..^lI JjLILI £* \^V c^ja 


JjL 5 ^jIj-A (ji lr> J t I tj A ~fc > L^ki nl~i fjj. Ull ’> juiI <j|jj . 3 C 48 jJb 
i-ua^Jll <Jordell Bank tiliL ^l£J.I j ^ II jjbj <<jl^j 1 JJ 

Jlim jXiao ^J-O <_ajL£ SjLlIjVI (J I lj fl I ti*i^ J ^jai Li_fl ^ I L\« 

u^f <jf-^ u'ji (_r^ ^ fpLo—uJI 

LujjjLJL^ jqaa ^j-® Thomas Matthews jjLLa ^uLojj aJLcal^ <Iiai 

Owns Vally ^(i y*J ^ ^ 111 1 J^ljlJI ^ J^*i < ii tf CjUjivll 6 JJh IjajIj £J1 

Allen Sandage ^IjjLuu I <lx-aj ^Li ^ <<i£La-o < 5 j ^ ^®> ■ I ^-uaj^o jja-J 

^ja I ^^-LJI ^j-a <JL i flj ^jl5 * iul ) ch® 3 ^^ ^i^® ^Jl 5 L.I a "IL 

<xuu La £\>UI LhH5 fP i ajmJI ^j-a Ij-A j-13-i^lJ I^L 5 <juo^ 4 V * • . .j< , ..hi I 

.- U uA JL J-LOJfl { yA * jjj I LckZh-j 


IjLl-fl • 1 fl-fl-iln i j-4 Cujxa 6 j^..juT> ialiaJ I Juc, I <LftJU La Jjlj 

{ja XaLlau j»—l 6 j^*aj f< ifljUII jpjJaaJL I i\r 6jJ 3C 48 ^a tlllj 

^Ul I j_4j t^j^.Vi^JI jLc. i flail I ljj| q j 4A LJ I J-=k-4 I <J3hJ ^ic,j 

.JJJ\ Ij-A jj-o ^a>‘i jl->i V jl «p 1'iTi<ill >Li 5iK i_5LJai <jJj">iti 11 

iNM* JlAUii J <4$jj-a V I <4^kJ I 4 IIaJ I ^ La I <W& I I ^yC. I jj Luj ic. I 

<p LLtll oLcj^jJaua 6 j-juoj JjLa-i jj <jl xtj,i 4 _LJj ^_yQ <ix^ajj j-A 4 _l1c. U 

:J^5j Sky and Telscope <l^o ^ ^aVl jJj 
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V LTi ~k I illllA ^jli 3C 48 J-Luail 

f 0 

0 * »<MI j_u _Ul ,JI Ijllj <6J ** * 6j A- a 

# , 

.^Uj£. jj Lx i ^A 1 C_Uj-fl |* - ^W » 4j| 

£> L^jV I j—o Jjj-o (jj-a. f N Y Y Y ^ Lc ^ ^ (_$l^ I I -i-A 1 I J-kj 

jjLuail £j-*aj_a JjJ_Zk_J 6JjJ-A j-a iL^iVl 6JJh C.lJ> n ■ ^La .y i I dii*J jLcu-fl 

tjHAni Ti * Syril Hazard, jjljl —a Jjj > i.. ^LLjj-JI Ifl * ^>11 

(4 1^j_=w L^__o La | £■ In j <il I jAX» I ^ 11I 1 4 A-AAa ^j-L 6j5lft] I 6 lA 

J— X y t ( L^j JjXj 4_ij-» J 1 j\ I oL^jll r>. Cxfl^I jj.UJ-11 JjJ '% >1 1 L^ JjIjLa 15$ 
4 a > Q < j JI ^nl I 6J A £-i-olj_a Jj. 1 -k~i —j-ajflil ^1.1 Vi * uL 11 

j_ua_i ^j| 4 -l^Lu jj..j Aijl IflJI ^ ^lj <jj—JJ j'lft"j—UUap ^Jl cii-Jj 

■ W I 



JjLfiJ Li JjIjLa aJ,V»j u\ Hfi *I j-A La j tQ-v" '*1^* * LlajL ^ Cu^ ilLUj 


<Aaj ^^jj-o j%.i-u IS O^- 1 3C 273 ^$-A ^£jjjlj J,U^a 1 \ YYY jvLc ^jJjujVI Ij-A 

<4 X *i> ^X 4 -> U jij 6jJ-*uaj J J "V » I 4 l5\ ft I Lq-4 <u(j- 0 t_i-v "V 4 J jU"‘it I j_a 

j-^jLi J ua ^aj LuJ, LjjjIj L/s 1 11 1 j LJIIj-laJ aj^Lajj Jjlj i_A p * A. ~ ■ <■ S dJJJ lI 

^-La u n^ 11 1 1 \ ( j-o Sj j in LLiUL lj_aLa I oV 1 4_i a I^X Park©s 

„ * t- ^ 

j- \ i ^il l J-U3JJ1 (J-® '(ijjl ^ > > j 1~> »j LI La 6j-0 4^a_^j Y • • 

■ p I * A . fl JI Ijlja ^iiu 6JLA 4 j11j 


^jJjLa Jjll ^jlJj-^JI ^jilj *(j£ jLt Li-fJa ^JaJU L « A j 1 \ 11 

Lr kxj jii fcdJAJ >LLlJ ^aS Ja*^ ^jJI Maarten Schmidt oiu^ 

4~La^ifl (<_jjLc <AjJj ^ ^L»^jL jSJj 1! . fliL 1 \] ^ (r L jLA.1 I 

■Mjd-*-* ^ ciokJI ^jLlia ^ijJI )1 a Jj^JLj .<^LIL NY 

3C 48 u-LJa LLH1L ^15 ^AJI JesseGreenstein <JLoJ ^15 jjill ^^Jc. 

L-a <, fljU ll ^1 J^kji t < aj a 11 oLa jLlII ajJLj ^ LaJL N YYY ^Lc ^ 

JjUj La J-Aj <4_iLIL TV 4 I a_ i Q CjjI^ jJ <JjVl ^-° 

a Jx. ^lij ^y=k jVl ^jx. 4-flL . u^oj 4 4 -uLjJI jlajiiS * al | \ N . jr 1." it j * “ 

!4-u ji>J I oljluJI 
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.Vl ^LjjVI {jC. Oi \ LA Jy ij^jL jjj-fl 30 273 cj Lta.S I Lu 

jJ jJI (j A iflj ^a \ Ml" ^ Lc I 4 & 3C 273 -J j a ~±VI ^Ljj-jV I ^jc JjjL-J j-u^-st <<J 

# * ® 

JjLfJI jaaV 1 ^Lj^YI 11 a (J Jt 1 l <LlLaj ^a oj o-A i t < ^j-u jJbj Nature. < 1*^ a 
/jC < t_I_JjLj ^Li u_flLJaYI J-=w| v—<i^Jj <p^ j All ejjjSta £j-L» j| J J a“n Lai 

: Jj t a l ^u I jXJ t J^ " m l. I ‘Mj Jj i( T kXm >* i3e/° 

JjIuI I jij t iaLikill <1 jIa Cj lg-j) j-A ^jull V^lA jl^Vl JJjuJI (jLfl dlj ^Jcj 

ys fi 

^lll ^1 i u^kVl 6 1 a I JJ4JU ^aj-JI ^Ia 4 ^J J^aJI J*J LaIc IjjLai ^Li ^1Jl 

f^jJI Lgla CjIILI cluS^I ^lllj <<JjLa ^aAi I £^Ij^jI *—*I*J 1^ JI < ulu 

. j-ACxV I lg_2k Ljj I <ll_U ^lll ^ LZW i.qj I JJL-J I ^Jc 


: iiLbJJ ^Li|Xl| oLLxlf 

< 4 ^uj-iiir ij\ quasi-stellar Lf-aLJU^I jlc ^Ll^VI 6 1a jILI 

^jj /'quasars” fj*^_JI Lg—Jc ^111 ^ <.<jV I ^^-11 v a*^\ 3 -IJ j - 


nl i VilL 

CjIj^J. c-ilfl ^_A ^ i l l 6 l JuJu I ^jl <cLLfiJ I ^A j p^lu ^Li 1 ilfljJU ^JAj <j*j_JI i_£jJU 

6 J Ll*-q s j^ I J& I JI i_fl Lu-«=»V I Cj Llo < <A LLJ I ^a <LL La Olla^ <<Aaa_cjj J Lu I ^Jc 

I^UIL ^A j » t il l J^ic / o-i-ii l-i-tJ I Jj u JI 11a ^j-ic 4-1^-a Ig 1* ^« Lo-a < LJ-i-ajjJjI Jlo 
jt Jjjj V — CjLAiLJI ^ ill ^ l-v rv ( <_i OJJLai. ^jJ I jU.\l I j"fl‘« — i ^ ^-w JjLriUi 
j J* aV t—fl 1 ^ . l^J JAo V UUa ^(jLiV CjLLx^o L^-iI <^jui.^*.tiJI LloLLu jLfl 

(J I JjLa (jl±£2 Jj>A JjA ^)1 »j1aI jiJ ^jdiJI Ij^j IaLL /) I aju I AJL^j jjt I n 

nil <n lLi LiLoj jm a itill ^ L *\ cjljLual 4 II^ ^iu -j VI ^yiu V IjuLLJI dlfi 

(la Lb -1 ^JaA JxaI L ^.1 11 <lill I 6 ..\ g t j L«fl_l | | jjfcj t Lfl^li ^iaA I j I ^ * 

6 LuiI jb /iq i^ldI ^/i"iA i j ) (J-iA I Cj Ijfrl u j miC jxVI <— illni t LijL ^jjiouJ I 

. 6jL^. pljjjuu cj^AJ jj-A ^ j^‘/l 

oLAjLJI -vjjilJI uaLH^I J^a ^l <jjLjj=»uJI 61u-tI t^-siI |jj_uuJ Lujj^. 11 a 

CjL^jia jAj yp 1 Jj»*_uJ I L-JJAjU oL-qLAj] j Ul l ^jJ I <Luj^}J^liII ^J^lII CjA^C l^j \a ^liIj 

, IgA iaCiuAAj (IaLLJJ u"kV 1 6 1a ^111 <AJjJa ^jC. 6J-lJC CiLuaJI jJV-1 

Yakov Zel'dovich iajj—^Jj <*jbj^L /j(* i> a^luII (1=^LJI oja 1 gla Ijl^Ij jSIj 
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Jj^l <> ( _ r Ui <t »ll jL^=J f U j-c-ua Igor Novikov ju^lj 

4 t~i*\ t i j j ‘ »■ | . >o tl 5 • <Q ^ U> ■* i ‘Li t r Lj U_u J IV 4jj> a.i.^-> a fl < 4 i If ^Zj^yL jAiJ ! ^jAli 

2 * 

U-° jfjJ UaLa^a <<jLlu 5j^-o ^ flj ^ J- A io l l <Lt^ jJ-5 6j-Q ^Jjj 


J ^j-o ' Ui Jj^J I <5 LLaJ I ^JjJ-L-i Lfl lit ^ ^ J Lo .J-Aj 6 J Lo 

< a ^j-a <JaLLJI Lfl <6jLLI ^j-a ^y=t^Li *LL L ^ a L^j^J . ‘Uaj-rvJ, I djLLJ 6 

lA jj 1 T. ^jjl^ t~i LflA LJU. ^_LL_l_fl / I jJ 1 \ItQ l^S' 1 ^ ^J^- u 6 ^j-L I \ .*1 Jj-uuVI > 'Ll I £-J Lk. 

CiLAiLJI -y ill J^LLI <Jajj_L i j_a £llj}\ liA .3C 273 ^j-o 

.^j^iJI ij-° £\>*tI I| ^nii i j5 u-^ fJ L^-^J 1 



Si£, * Jj-MiVl « T t l "J I JL^SW Jjjj SjLLI (j-ajJfl (\ — i 

.6jUlj <fl LLJ I 4-LA ‘*'< Q i t f l . Q ' I I j_i_Lfl 

<joL^Jl ^j-a ijc. jLa 41 q j^UalLi i<jLi ^iSllI Lfj ^jUJI 5^aJL I <jj& Cj\ (^) 

jh^ <1h» a - LA u'* t>°j «^j1sulII jUiiVI jju ai j(£JL oil£ Ifil 

4 ajU!LIjj^JI ^iiJI ^SjAlkJI 6 jA jXii JJj j^_uj . L4J J^VI vjSill ^.Lf^JI ajiib Lf h ajlll 

. lA^JI ■ »J V Ui...t CjJaJI «lla <jLiji Cilc>ls ^jk 


95 





^ 1 j I <JjLa t -,i i ^jjd a < itj r\ 4jaLLalI o Lii i t _J ?\.4 

6 < 4j^J J IjJ I 6 j-ij£i^xtJ I i LlAjU-O O I J-l JJtJ I < i.L-LiJ 

oljtr. £-o Jo-MJji-a £-jaj_o Jjj-ul <w-iAj ifl i fl Jc.Lftlj <a]ql!a ^j-o <jj] J_5 6j-tij-Jj I 

.pLAiJI 

JJJ\ . Ij-A LutlS ^Joj 4-fl £jjd Jj^VI *,_i8 l J I ifua Li i-t . n Lk 

^JS| £I f^jn a itill 4_fl(.K ^jC, Jjjj V l^li£ Lfl (^Ini r^VI dj-A 4-oL’k ^j_[c <jl 

^J-i. AAi-i-4 4 o£. ^jJI I oUl ^ 44 ^ LaJj-Ai L^_jl fpLLI I-AA-aA £J0 

^Jl 4-ujjJI iSLLJI J^au ^ji La jj^U ^cjj ^j.^ 1 I 4-ulill L«nLkJI 1 I 

jl 5 <JjuA_i_a LL VI ^Luxj V djLJt i_.i a JI ^L^JLil ^(i<.t<VI ^-o ^jJLJl IJla 

(J li f (^AA-o-uJ I J>-o ^jjj^Lo 6 Jc, jjjLi 6 J La ^Jr. S^aJt I OJ l£ LLj a 4j^Lj JI Lu i-ti 

.^jtn all J-u>UL <5l_UI 6j^J I flllrvo JioJ Jj) <j£a t I 4 ii.7i ^j| i lj_A 

4 flUaJ I ^ -y rJ I IjLA ,J5 £ I— IjV JjJ-i JjJxj J—a^jj V 4_i I j>Jfc ^JbVl 

^lilSVI . Al J-flj <* II M>iiJI Jj^j JJj <£3 -*I La<^ j^=bllI 6L-tiI 

* *r * 

^jAJI . cIUaJI P I A If■ <jJO 4 tfj- < k^Jj l^a I < ^ -^0 <Cj J *-ilfl LAJ_^2b^J 

{j I j-A I 6 L nj I <„tl a ^a LaJ I tiU jj Lu^.^b-0 c^la ^-a j-a LaJ I j^-uV I i-oiL-J f 
Sjlil (JS ^ ^ ill j__fl <j( j JUa. _p) jiu i.ti (jj jXAj VI <tL$ Iaj VJbVI 

. 4-al^jJV p^j-aJu <LqLaJ Jju ^Jj <4 j 4 .U i-w 1 | 
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1 fr i a ill Jj *ol t it null 3 jI$j VI j Ai 4.« n j*J jl^Vl fcj-A J£ 

^fl Q jV Luj^ ^otiAilill lJLuu^I Jju <j^loll IjJb jl^ I jll .CjLaa i Laj l l A_il^_i 

OI 'm w-Ajl lj Cl! liH I 111 I J>U. jjlvJ I J V <j LS p I 4 j i ul I C-J jA > 11 
£_afj J_Jj cjLoJ^I £j\ jJ& I UUxJ I ^jSJj J flil ^J-U-ai-JLj jaSLI 

fi * 

^ VI <jLxSII cjjj o ,tA ‘"II 4-Ll^ IjJ jjj V 4 tV£ > ^ic- 

j- l i aj <tUI <LLU p Ijj L.- 1 I ujiill 6 j^fl jl «- t rt -%J I Laj\cj oli-Ll 1 .i.uJ I 4 _j L^-l 

J V>J-J ^yj] jJSljl) £Ajj jJS~i j*sV I lj_$J (jxiU-uVl <^ rj ^ * rfil l JoAll 

^jjJa ^c. 30 273 3 —a Jjj_dl_ ll i^illj <-fiLflJJ JjIjLa JjLS N WY j\Lc. 


: j iuu.ll ^1 f >i>yi 

a j-A i t Jj <■ Irv&fl <JjjJI j C/L^jaj pj-*-o jj-o .^jux iLLa-ajj ^11 LiiJJI gj^u V 
Jjjj Li £-xk» L$J£ . La La. 4 jLjuj Ij < 4 u 1 in! I j 1 4- l-v i ,.q\ >11 jjjflj < ^ L Ijft^l I Olju^iV I 
t ft_iiill Jj-a I p Ij-fJ I V 4j| jpj. aAJ 1 <Lcj_caxJ Lg—A^LL jI Jjjj»u_SLa 

jjj-L ^jC. Jjj^J I jJ-u v <-jjjla <4 _jjjjIjJ I <juojV I j pjxAll ( ^jj-u ^jxuLti* i-> 1 

»—fl^LiJI <JLJb LjJLc. A J g--vV I J^Ual p LoJjlI I i.fl-iLl I ^j-o ££jA.Vl <XjdiV I 

^jVuul N^IA jllx. l _f£j ■ 4 ir l‘i- 1 ^ 1 1 J UVL ^LJ <^JjI jA^a JL j «Vj| oLjjJLJL «(^J^JI 

4 -tx aj J 6j fA I <c-jj-aJI J^L_a. p I fll^l I A < Y —oi jJb j-i j tti UL) ^-jjL^a 

r-j ■ ^ ^-0 4 jLuu La I 4iL aV Li <4-u.» < ulI 4 .xml)!J j J^q ^ 1 ^ • | I ^ ^uj < a j^I | 

fjA IjJjJ ^-*3^ ^jA 4»5LL JjSl <Jl1jljl*J| <AjUjV I J O-i-tl I j 

< tj I ^j-a <4 j^ - *. u ^lj-^1 ^j-o VI SjIj*j ^ * t i " i Vl JjJJI 


r JJjjJI l i fctAi <- 1 AAjia Lii^f ^ oLa.jA_lJ ^ L » JI ^ L.JI jj-ijl <JjajljJI oLajll ^fLaj 
tr* oLajll J>loLi (JjJaJI ijt&c, ij\ -losh^U) i^J.1 ^ F c-jjjjjJLj <a>Lcl LaLa. 

LjV <v i _ kl fJ I I j-A (J^jj V 4jjj£ <-*-M*l L« Jj 1 JjVI La ajlij * (LL^. fJ jk Laj «^a(j 

Ljjia uuiljjj ^LjuJu L l/> "k.j I <iLU! ^jLa < LO^JI <jjJaiU LaaL 4jl ^UJIj In j * .-■ ■ ■■ J J ,-. l » . , 

• • ^la. kiL^Li JLa L* *aj I < ulQI < » j-UjJ I <LO*J I ^ u 
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f £ 

i A-JL_*iV I 6 J-6 i.Tjl I i | i^j^o p LaJjJ I ^_yj-A „V I i jiJj . I , \ X LU n .. fl lj_e | 1 JJfc J_flj 

CuL^ I jl jSJj 1 ^JaLuLi <ili \ a. Oxa A-JuJI £_A_J I ^ 1 *w 

i^ya £^jl]l IjJb jklJ"fclinl J-ol <JLa (jjSj *i > * J« « > l I L^X-IjLjJuI ^A AAi* tn ^j^\11 

^u..a <till ^jjLuJI ^ I * i'lt'j I £>La-j| {j I <4 ilftC bjj xAi CJ ^kJI Xuajl ^A ^(jljuiV I 

^Jc. I Jjl £Ajjj j»-f lj-=^l <oLuj-i^QjklI ^A jLu^ ^.JA ,^Jx 

^A ^ \ \ 1 4il I J n-ijJ I cj L> £cxA -LaJ < p 1 fll I ^A JIj 4 j-o J-*-jV I j* I j-^V I -La. 1 tj-a <_a_»_fl 
.j-qaII V{ (jiUjuJI ^ya I ^jLajuj AA-uiLj AjjLa-a ±liL £aI^1I 

<A_» U-oLa. lit ijuj LcLa-JuI j-LuqlJ J^jI JLaJI AjLiJaj j a fill | 

^ -Li Inn Xfl j-a-Ai Li i ^ /i IJ la-t-ia I jlx A, i^-u—a-coJ I q L^J I I | 1^ i-A j p 1 a 1 .i.) I ^yc»JU 

1 6 j 1 U4 4i L I J l^i. I * <i~k \ jl».li OIJ O Lajl I a j-A £iZn Ifl IlL^c-ifl A ^ U mi O l-Ujja 

_ f 9 

j-ljia (jC. (j A fiJ I <AI j_*-0 ^jA I J 1 fl -Q (ju^- 1 flJ AAt fl I -k I *si (^1^11 I A~a IS ^lj 

i \ *\ *1 Y ^ lx. ^j-ujp N A ^A ^JjV I A-i^a-J I Cu_p Ij . ^-in-ul I ^-fl-iiaJ I J_iia-J I ^ajjuI iulij 

l ft OjL^ L ^<l j t^yQ ^Li hi ^ 1 a i ul ^jJx Jlj 1/1 *vl I ^xJx ^-1 M At jiJj 

<i-i J» a <laflj t j-o Liji ^IjulLVI cUj cJaAll I <^-a.] aLajI ^_fi j_x. I n ikr 

..LAill 

<j-C. l*-Lu»I <j_fllaj LjjJ^La. aj-^aVl 0-*-^a.l Ci*-u J>-o 1 <La^ll ~i j in 

.J3VI ,> d^lj 5^1 £ <,L a. jl*J I p La.j I ^j_o <xA (j < xti u 

<j| Ijj ±11 <aLujV I jtj| ^AJI > j-4 L^JLq p La j^J I i l_^_x-o All A a <Ja_fil t _j-a i^LaL-LuVI 

(3^Lal -La_J 1 f> i a clJj JL^l^ tp l aA fiJ I jl^jx.1 ^A ^ 1.1 ft lull ^ Hall I ^jC. J LU 

^ a .i.uA (SCOTpiUS cj^AjJI «^j-U (JaaA-i LjIj ^aj^jL^a 

Lo lil jl < ^ A . A til l I a j_4 ^A LXi j j ^ /IO d[$l l) ^ UJ-AX. SCO X-1 

. ^ fl lAa ^ i n i,i jxa-j All /ajI^jJLi A< » uV I aJJ6 cls-u 4^uj <aLL I j JLlA 

l^ya C^l A_>IJ_JI ^A -Lai cjjJU gSlj <A lii mil ilI oLflLtl*l^I cJJjp j»J 
^)n flj ^-a a x <j(jj ^A ^ iuiiII L»ajJ I ^-ilc. jil <oLa^l I a j-A t A i^Ia i ill 

a J-A OjL^ . j± iaII Li ..I, a j ^Ja <A-lII ji Jx. VI (AJLiIjli ^A IJ I J jJI <Kit> a 


i j\c. a aj^-al |!vl S -- ~1 m lj » • <jL^j VI l^jJ I I t^ya - J I 
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qj iui VI dlj lflj-L uuiii ^^jjjIjJI <ui 1L ^ KiT il I 

^jjo jjj-» La-o aJLo cu6j g >VI 4j I dLt j (j-o jA^VI < Lajj * *o j Sj-fl 7 ^^ 

*Lil t id I <J i mV I jXoolj j[-3> 'LluI J fl.fl jJ» ^j-oj t3Ja Jj f-L^VI £-«-oj-o JuJ-AJ <j j 

jj Lj *(JiV I ^ic, J-A. Ij jixOA ^ <Aj-a IjJJjZkj (£JJJ IjlI jJI j>« > 11 

, jjlLj-»-u] I ^ t U II t jJh <_UJa-aII <JjJjXLJ lijljLo AaA IjA^AU Lo Jjl 

£ ^ ^ ^ 
f \— ^ju i^ijSx j-o <4 Jj Cj J*1aj £ N MV ^Lfi. <> (J-ijj) *L»jA-JI AJLA Cuj^ I 

jJ4^>11 clUj jjjSu jj| J jl ig mi ^Jj <jjUoj^uJI j V jJL u j aLauI L-fiL. IjIiAj Cu-u 
j_flj .^xKcl j» 1 j^i-o j fl.1 LLL j_j«o p^-Jj Jj-fl j^-a *j» i.i iull <iI1j Ja-flJL bulj 
j,l <J\ .j-oVl <j j^ Jl vtiL^jf J-o-jl-o ^ Herbert Friedman jjLjjji ^jlil 

<—>j fir ^^.>11 jjlj <jL fl*<V I dlij ^jC. i iliudO ^^jjjjjoj ^-y > ^o Ij jLua £Ll-*uVI jjjlL 

jj | Aj&J p Li'V I p IjV I A j_A 1~*-1 l£j < jaJaC. I jJl "t £.ti a J Ia ft 11 ^jC. t. 0 I ^ i A AjJJj jjA \ — ^ju 

flj" Lfj (J La ^.aka 11 qIj al 4ju oil oljl^k fliV I Cil .ftLrk .a ^_A <Lu jjj j_ui I ^j. ^’tl I 

. Cl L-«a_j LJ I v fi LuU^ Ij L Ijj CxiaJj t Lo Ic VA Slo J Lj 

^jJI jJo^aJU <j^L-oj ^-o Cj^JI 'JaAJl Jit a.ii4i ^jLoJjj-fl 

j-fl o>aJ I u% '‘•J I ^y. Ic. ^ u >11 j j Ij La *Lt ki.j cu < u^l a 11 |% > j i.u ^_a Ij *0 1 

<iLuLo £JJj L_jj.a all J i 1 1 j I tlllj ^j-o jASV Ij f 3C 273 ^-»^j-o . UJ Caaj 

JLJI Jc^ojlij <olj ‘u U ^-i Uj Aj-O cdlj JjjAUJ <^jAfll I c.i^k^k II 6jiA 

J.i^r ajJ *lLxjJ j i .fl \ t il ^ Lj-o Ciflj (j Lo Jbji ^xLa I jLS* ^ Lc ^j-o jjJjj ^j-o ^lj I i ul I 

.^j-ajJI J>Lk jji aII I j_A 

(J^u (J I <1^jl La Ij Lx. I •>J J ^ij I <ia Luu_J L (jS-l j-oV I 4 jSJj 

J^Ltaj jSj |Jj < J_J La J A LAjlxi_oj (U% -^11 6 V-a ^a_a jfl 11 >.t « <_5jJI 

<lj ^ JX- c i ti u> 4 j j jfl ft i c_jjLau O* 1 1 C>l«tifl d5j tLfljJI Jj-o Lkj^iJI AJLA ^Jx ^_jj Iji^JI 

£-fllj jX*xil jl Ojjjj * IjAL LLi Cu Lo I A >j ifl^ll ^jjajJI j$[lj iX^'ll ^jfl ^ I 

Aj — - 5k , fl ll A J—A (j^Jj < {jLo JjjJi AjJ-oj ijUqj i .uJI j>j Juj i _ 1 Ifl JjlaIL 

<ufll xtil^V I dU j jjJ —1 <CjI u^jLHI j>j_ aaII >_ a I 1 *C I jju VI LLoj JjlSj 

I AjjIjL jXJAkjj I n u j-o ^ u*iii I ^ LjLuiV I j | 4_J Lii I c_Jj I *11 Cu 1 * .^ aa 
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: 4j$ 1 g fcu II 4 SLh 11 uUxx4 

,jJb JSVl ^lc. ^*11 1 Jl * a t»VI jj l 1 /•> A J-^.1 JjLaJjj-i <ij OjI^ 

Cuii l a . jkj-^il I I I jjb ^jA ^~l 1 1 I 4.3 LUI 4 L ^_lc 4 li. iiij « 

a jLLLi <<_5lLJ I lljj ^ <Jtxi iiLjla ^.i^k JL^-° 5 jUI *L5Jj <jli LajLmj 

<6jI^x ^jl\ I <iLUI J[^A ii ^-~y. J1 ^cJajuu 1 * * L, >j a i^ J iJLaJ ^j I j u i u 

^Jl 4—ill I ^kj ^ ill <JLk J.U1J Jjl ft I ^1 * < t lj jlj—k^J ^A 4^SLaJ 4— 
\^*\1 ^Lc, -k <l i 11 LlmVI ^jLlII ^0 l"k Imi 4 Q > Q-v11 6jJb .4 >J.i iulI uU.jl I 

Sjjj Jjjj ^1 JJhl^iiJI Lo (jA J A lxi Ijl) 

^*n i .ill Xu^^11 6 j^a| ^J-Aj £—o-fl n i-jj ft C J»J 1 illlj f- La* 

^j-»J k«0 IjJ I ^)£a Lo-o jk Lc. ^A ^JUjLo 4-5 Jj Jj J "W {jA 

(cjLAjLJI c-i L^I jS I {j* (J-aL^ ^ Lc. ^LjJI JJj {ja jajjj *4jj^j (3^ u^j 

^JfljlL I I Laj 1 4_x^s _^j Y * • u^y^juiii jk I j VmiLi ^j^xi LiUI I -l^kj 

j-oVl J_i£. < fl-i flj jj-a 4j Lk-L J_L*J a^J^kJJ tkAill till j Jy-O 

*- I 1JJ fj^Jjll ij tUIJ Jj-0 J^J—C I ^-U_uuJ I L Jlioj I ^j-A 4-CI t - i. t l j | LkJj_C Ijj 

.(JUA Jull I ^IaJuVI jj5 6^-0 t—&J I <jLo <LjAkJ 

^jj «a j -k 5jti.-k 1 4 >K iaLUj t ^c_Ajjj t^jAiAj ^ja fjA> IuojU I a JJI ji t ii fl i aj 

6 j-A ^ .^VI Jj3k I a^\,a Jjk Ij JS jjJj ^ I < Lu Lu IjA^k 1 La Ltaj olku j-qV I 

tj Mil I a I ~k ^_J^| (j < ^jj-ft^kJI J-^l J;| liuijli I ^J f5JLaJI 

t a 5«JjLJI Ljjia Cj* Sjlil i_y =*I <&-a J JjVl ^-V i ll ^jLi 

«jkj_=klJI at I itil 6J4UO0 bjj.AS* JLaJll ^-o ajlj-^ ^uu'ifu (_^AJ Ij 

Jj j<I qII t^jii.1 jUjl ^ J-jlj j 5 . 1 m l J_5 jySj jJ aLxjtil 

4j\i< nil oLak^II ^^tij Lj^LJI <j-a jLu JaL^Mft ^.-v illi « \ jkLc. 

.^kVI I ^-o <_uLi Laj jI^-oju-uL JJ.rkI> ^ja. A 11 ^j-o J-iifl 

\— i^jjJac jk^i II «^lA1I J 1 *1 I Jjl I Ul I III L <JT^ 

Lluj a jLc ^j(j i-a^JU u^jjlall a J-A Ci V> Lj^lill jlc 6jljA 4 ajJ jJJJ JjliAJ 

^4 a ij “It I a jUI ^ja ajb^j <x.j_^k_i cllj j «u 5 jj < [a 4j1a j % ill Jj I ^Jl a^lj-c jljjj 

. <jj(jb <£-^5-a-i 4 ii.t i ( 
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4— > cl I L fljj U I 1 ^k L-aJjiLJI jLJI ^LiJI Ijjb J a“ *2 J 

L-jJujlll i^ja jii iillj ^^kj i<j dL-u^u ^AJI ^iaJI Sjj Lf ic.j 6jl^pjl 

Lf-J] <ZiI <<r>j ^jjJ) < yi nil jJj JLcJ.1 \— (J4J vjjJLc. La^^L ^ 

tjjAiil J^VI ^jk <J-* I <JSLi ^ii-J |- k% J I ^jl O* J * J-Afl € \ I ^jij A jJ 

. kjjtXJJJ Laaj tjjfcl q\ JaI^I 

4 .a i-uLaJ 1 Sj-kiJI ^JJ L^ijJSk I j arfik. i nil J_5 ^ -aaa II ^-jlkJI j* LlV J I ^_k 

JiVI ^k Ll^lj IjjiAfl <jl K £ Jj jdj <o l tjt idi n ll OjJ^ ^UIj <4-JIa1I 

1 “ fc 
. Jj-uu | uii 


: J g-uij^f 

\ V jkjj cJJil ^^loaII ^.ftflll j^rLUL SjLa. Sj) U~k ^.>u«ill luajll kLl 

^finAj 6^> -a>V I Ci^ * J^lij 6 Jjti 4 i Ajj Lua 4 -L^j ^j-o V „1 1 fl < \ *\ V • ^ lx. ^iaxujJ 
<jx JaaU < ji.j a i .i^I I 6 jIj_a j a a II <j( ULUj f Ja_*JI ^ k Sj j-A L^jjJ UlUa ?La .*^11 

^Uj ^Ja ^-k ^ J>ki 


(_j-k LiIlS JjkLii ( _j-k £_xkjA JI Xi-d^ll j-a-J j^lkj Jjl <^L£ 

£-Sjil Ij-A j j t~k I jjij rpljjjMiVI -Uk ^j-o ^il (LLjil ^A ^-fljjJull cjjLxII 

^jljjJ 4 -Sj_a. <jLa jj-AiJI ^Jl 4 _jj-i.ll <ja 4 - > jlj—A 4 jla ^jjLa-oJI 3 ^°^ 4 jV 

J^l£jkuVI J j f IjJ 4 jj£J jfcjJI j j Vk 1 j 5 j (j^UajVI 4 ikf ^-fl J£.Lujj c_fl^i_u 

(^illj fUhuru jx- 4 -ul j a a ll <j-Lt ( 3 ^°^ *Mj < lj “tl^vij ^c. 1 j'n^l ^jLioJI 

JjV 4> i,Aj 1 1 Lj LAil dljjLa ^ujj^Uj < 4_j^ski I ■ »H 4 jLULi 

. ji I ol jlftf < _ f k j^kjVI ^_^aJI ui^UJJ ^ tl< <ilI j-uLlJI {ja 6j-o 


jJ (j^jVI jl ji LaS oIj-1a*j iti^lii 6 jax djJLi JjtJ-Aj] Jj| 4 j i 4ti"i 

^ m^lxlI JjjI <\ ^V» jilt J.U4iiij \T ^I I■*» jm ■ ^ lJ^Uu i-lUl'v | 
jjLiAju 6 (_LJL_o f. 1 a 4all ^j\ -Mj < Lfl AJ^klj ^ La-uuJI « JI i»11 \ 

4ijS 0-^b L y*J ^3kVl J^^-A an i^.lunll 

j>*» AA >VI iv^jiaJI ^Sjm jSaaaj N— ^y* cjj-Lc JIa <4jLlJI cjjJ {ja 
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JJLJ >< 1 a 11 Lfrlfc ^kl I jjJ 6jJ i Ai <-fl LU L £* J^J I I Jj J-fiJ . I JjLj jl£ I O l^2fcj, 

^A < in i all jjl >^11 Jj I <J 3_JLill jLa-flV Ij jjjJbjl J-5J ‘ ^ ~ ^ L a I .t.'XI 

. I^Lq i fl i t i V^ I £jj Jjl Jla£ jJtJ 

dllA 4jL5 jJSj i I ^ 111 j^J ul£ 6 J-JlI ^ 11 rk~i Jj-fl 4-till ^j_JI dUj J-JU dlflll i_^a_Sj 

Ai nil ill A i^uuJI ^ LlujV I jjl u-wi i^yn ^iXa jdioa j^jl dj-wj ^JlDj cJjlaJIj 
■ <-2kL. jiI ^A <, 9xtii^I jJirfTua Jjl <Aj5kJ « 3^Lk.J 

1 1 A AJ ^JoXj 6JJU ^a ^lll jLaJflVlj jjjjJhjI I ^ fl ■ t,7\ | ^lll 4 1 11 i ill I jkj^*JI jAu Ajj 
6jUI Aj-° <AaUo curijll ^AII jjAjjJj-lilI j\^ilI I jj J-i dilA jm fl_IJ <CjLiAj1A11 4-lLxJU ^jJt^ 

^ja jjjSLII 1 1 A > I t \— <_ju lj J&C. (j-a ^jA.u.11 dlj jaJ LlijS ^A <_i n nllj A)- 0 4-o^lill 

\“"<L=kL=kJ ill A) I c. . <1 ^jLlflll ^L» Jjl JLk-a ^A £_Sj jaJ ^jAjVl Jl jjA (ciLAjLJI 
JjSU ^AJI j-JLJIa « \— cjjA£. £-a LoLaj <jLlxiaj jaJ <j| La^ t pL A) 111 I jaJ 

(A iu JI ^A JL-a <juAifl ^A <j| ^Jc Jjj La-a i^ilAll JdjAJ £yu*t 4cIjlAuJ ^A 

(£j^l ^jA J < LiJ ilwaa Ijj jusi I ^jlfl < LjjjjjJu 1 n~k > ^ilc. I J_S \— ^ju w^i^Ac. LLj 

■ V • • Aji^kU V ^Jjll joe. jirv*ill ^j| CxJOJ ji ^jAo-ajJI Lfl 

(OlAj-q Jj J"k ~i l ^jju^aJI Xu<a^JI I Jj N —^ju <-2kUkJ J-Aja Jj J "wl <5j J-aj 
< a. I Jj-L=kj <A_a jJJU La-a < lil I c-ijaJL a j^AJ I {jA ui^j >. fl* hSU 

cr® cuLilll \W\ jjLa \X i Ljjx. jkaij j't A-*.**jll tj^Aj Luj 

JjUj La^ <6 L=«JjV I Ij-A { jA LjJjlj IjJjAO JjLflJ L Lli k~%.^A Qmj tlLL J < S>jA 

iJI lnfl ill (jJ-=w <AI t 11 > 11 j-aVl fj\ ^ylc. . IjoljJb djj-ij A * » j jL-»-Oj-a ^j-a dJ J 

Xa.1 4f 1 Ui...I ^4j <^j^ 1I ^J| N i*uJI tidl ^jAa" k*>I 

JjJaJI IJI J J a^> 11 IJ-A Jjl jS^II (JA ^jSlJj < LaLaj dJj J imfll 

^Ja£.| JAj ^1 ^*ni aj ^ 1 il itil (j-® La <lj■> ujj oJj^-i J_5 <lfllia ^jlj I dijj 

t J-lA i jA <1 JJa <_£jj I £ I Aji I ( jJc. L j-i-ij LaAjI (j m \*s\l I JAjI jjjl^JI jJ-uqIj 

. HDE 226868 ^Vl Lf i a c.li .jjlijU jyJLsS ^ dlj u&j 
^J-iLfl ^j^Lo£. <^jnai till ^ja 1 1 j j uA't J_iJj |j I <B ^jaJ I ^Ja ^-^All IA-A jnl i 
<_^J La {j Lx.j—LJJJ <Jjj '■k m J_jlj ^ylc. <A| ^Aju 4-^akjjJI 6J.^ I LljflLA Ijj JlAj <A^Jj 
Ljjj^ 6jJ-^kj id Lo^j (bLskJiVI dlj 1U 1\ A lA Jl Jjj Vi^ljll 

.<C.Lai 0 , *\ J$ 6j-a <Jjja jjjJj (jjlaxo jJt ^jIjj Uaj 

<J ^k j^k 1 11 dA-A >_tlr. (j c^uauJI jJA Sj-a ^ X A) 1 - ^ >ft •>•% Jaj ^ (JpL^dl 

5!s^lj jj-u ^ lA A)d>^* UJ^f ‘APj^J jklj^lwiLj 46j-a V- Jl Y. JjS 
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^lllL 4_1 j^ 5 ^jl^J <4_tl^ HDE 226868 Jf <jl^ 11 i— a i a I 

! ^iiA i ~j H 4_tl^ C-fl LjLjlO I <j^G flV I ^Jx. £-l_U Jjjl <4a t!JLi_u-aVI ^ja x J 

(jAi.a^J I I I 4_fl l a^iV Li < J i <a l^i I 4aX. Q fl 4 ti<J V jj {f- L^j 1-A.^J (jl a > Vj 

<j-« J-*-J —^ajl^JLijI J^. JjL>J JaI V • * {jL. Jajj V G^-laA (j) Jjja 

. j^aiI uL ^ HDE 226868 jx^uJI jl ^ tiLii 


<ja <J_j-uj| >_ifl > ^-4 N—<L^L^J ^-v.^k JI jjl ^Jx. J-A Ij-tiJ I O^I^J ^jj^JI til! j jla 

^J| 5JLUI JiiL^iVl oli-oj j-Sj <<J 4_»jljJU J >kij ^LLnil ^i.ikll J>l^llI dllj 

4—=k. L^J ^l Laa (^jn a, jl*J 1 j j_fl 6j—o \ *\ *-l y HDE 226868 ^ \ 11 <tSJ ^~i j_&> 

i^ jxl^juJ I i fl« i^Q V X V I £_Lj <j | (J I ft ia. I £-0 * ^ti.a-i-TjJ ( 4 i fl (jLaO | 4_*_u-u ^ I u \ —^yj 

• ^ j “ > • ■ f I jjl a^-o Y * Jj-cjjV I oi. JI (2x5^-* 4J^JJ 6J-4 
(Jia4 i—fij-ou < 4_uji Ail Ciljii iJI (^>-0 i—flV] JJLj ^Jc. j-aLi * L.aJl i .•*>■>11 

Jj-^j (J^J-fl dllj ^X-J~i i u.jj < IJ jj-li | Ll£j (jV ^-tlij-o A a | *^ai ia.La.J 

■ l( j \ a ^14 »i JI I V I 81111*\ l <j | ^Jj i Uj^j L~ 1 ~ J ~v Q IJ I 4 I 0 I Cj LLa 



I c-iL» ijjI (jl^ i jj Kj (Y“i < J *\ .a.ii^ ^a ji ■ »/ a| ^jaiL fla ^Jx. 1 Jlilij 
HDE I *—i^j-aJLi 4a.ii_i.aJ 1 CiLj all I ^ I * .t.V I ^ \ ^ 1 1 ^ 1 jufl" 4 t Ir 1 

4 1 1^11 <1 LLa u LiaaljJ Lftaia laj^a 4-la 6j(J.f Jj_i_uV I caAall ^^ jjI <226868 

• N 4-^L^.J ^ai . iU J JoaxL I IJ-4 <4_kl 1 a 11 4jLui) ^j\\ 4_lA 
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: Ofrlglvlfl J-4 jJjX 

>-i-aJ I 4jluiV I jJ L^ai. CjV L^ jn,a rx OJaj |X Lju (_y\* % j La ii 

(OLxjll 6 j-A ^ 1 A it<V LaUo ^JaJU I V—uflill c_jJ_^. djJ5 ^jU i^JjV J 

jjuj < N“ju 4^L-2xj 5^5 j j * I (j l JiVjJI jLi ^j » i n ^ 11 ^ja (j-*-JLa. 

ijjlia fiJJj {jC. JiVJI jj-i ^jJ ^jl LL^VL p^il ^-*-Jjj jjy A^( l jpUoJ ^j-o Lolc. 

I <J 1 A 111 A %■ ^ lx X-l.fl] I U-fljJLJ ^ "W ^ Lc ^«=XJ L Jj I kj 1 lii’l^ I Jao <j | 4 ft 1 fl t 


^ Ltu <j I Ja^luiu V LJ Li <<Jj Lc. ^-ic. <jj LflJL I ajub I ^^Jx. 

icLtuil ^_»jia {jL. 4 tlr. c_fl j-*_J I ai <xa J j ft\1.1 ^a_JLfl <4_iix, u-Sj-JLaM ^jlXsV ^jLj 
4 a a ** I {jA <J ^ n $ > 1 > l— 6 ^ > i V Jj-cuV I <_> 5* 11 (jSklj *4 _a ^aLaJI 

LjjXj ^jl 4 a. > 1 'kj'v'ilI JJ_c ^j| 4 fi Ui a. <j| ^Jx, . 4 _l1x uJjJLlJI V J^j-uI tui>i,/>i 

JJLC. <jI CjLaAjLIII <UjLlj aJaj ^a » Q-* La JJ_c ^rj l ^.i p |j jaa Lj-Aj 

.6JjJulI oLAjLJI JJX. ^jLoj ajjJull pljjp»*JI eJjAxll 

*Lfl—iti’i^I 1 jL <j( a i uaLJ I j j r. I /j iX Ifl-f I U* a (j;^y £-Lj ^X 

~J-^ 'til ^_A L^-la LcA < J-J^U ^tt it > V j-aVl JjX 1 Afl-Q ^AjLJLfl <Jai=JI Ja^x <L*A V| 

4 » tU p LJjJ I ^ J (jl i L^_ljjjj ^jSaj Vj ^jJa-A ^ajuII jx jLajj i L I < LjLJJ i 
flVI 6jx A kf ■ 1 jt^kAtL ^ j Vlj L_J-o Ljc. V—fl-Xj < Afr ^k.j I a L-=k, AjijJ ;jfC. 

O-Lla jJj <^wj^k tl I ^j-u^Lo 6 JlX ^Ic. & joJl I ^ji-vt i l X 6 J ■% n ^ ilx*J I 
vlllj ^ it a L IX f jxLc V D J IJ 1 ^k a 1 1 1 1 -1 sij " -A 1 I jQ Unll t j m a cJfiV] bJLC. 

k-j^Aj jJb JJjlII litt fj\ ^ Aa i j ll <a^kJ.I JA.IJj ou ^AjL ^jjj^La O-ijI ^11^^ 

j-^a. (Jj^ Ljla cj^- 5V I Lfl t ell JX I IX . 6^?kJ> I A J^Axa p I 

■ l a i 11 m fj>-o rLijo^ 4 u .u d^utC. jiia\ JjAa < 4 Xlflf I ^u_u LaI L 

4 -x ji ^Jx. jiti \ \ p^Jull ^jLi <\ 71 V Lxj^ *k a fj\ iu—2xj 

OI (J£ JjLj J^aII L)I J^A-k*ij I 0 X1 a 1 I (£jJ J-Aj < Ljj^k-X I £j-iXJI Cj I^^Ji 1 

^1 ^Jc. ijJJ jl 1 4 t nVi > J^A jvrx-J i 4 AjIa p 1Jj-j-u cj^S ^gjj.Sk"t ^aaII S^lX 
p L ^ xuli ^jC. 6j-o (j[jV ^'Xiol| oXoI JA \ ^^ • ^A ^X.LlI jaaJI Lail| ^jJ | 

JLakj J_aJ .4jj i a i pLj^ii ti J^La. 4 _xA I j_C.^j^A ^t‘i. ■ ■■!| <a itiVI jiaJ 4^j Jj-o 

jV^k i 4 a J . L (^1^ 4 m xJ f 4 jl Jj V I 4- uJu X i 4 _A^LJo| i-t dJX ^J^Lok ^a&JI 
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I p j f 

4-_^j J Jli£ ^jC. Jjjj V p Loj-uJ I (j»a <diaj_o ^4 \\ \ t u O-xiii 1 < rt \ \ j J 

* — 

^LLjI JiaIM ill ^J-OJ <pLauJI ^j-o O-ij-o 4^jJ lj-L*^xo VY \» j La-o <4_aj^-a 

JJLjJI lj_A ^ lfc L^_1 ^La^VI ft-i < 6 Lxu! | 4Jaj-ul^J 4i‘l <.L4il I 4jLxilV I J^-Q I Ij-A 

^jA p I J^j.uJI c-)^UI J^L) ^jjJ J^aJ I 

<JJ^1 illiill p Lair. did .j-aVl ^jA jj-a. VI <J^-flJI <ilUI jluA-a 

pLaul ^ Lfljuo ^jVI p^j<^ ilI ^j) iJjJa-JI ^jfl 4 JL Uq ^o I ALii.ul 

a^-A LLkJ I aj-A la 11 jju . 4j^-oo_J I o LuJjJ I ^d £id-^-* L£ < Lo 4 jj j U. uiioj 

6j_a^ Jjaj t _><-■» * LLl-^| 6^-A(JaJI Ad A > V_\-~v~i < ^ £— £ 4 n 1 ■*% 11 4 4 tt J jJI jLiiiL 

JjA Li u jsj jJlV I ^j-lr. CjV Li* ^-d (J^Lj tlh 1 ^ 4 Ajui V I jLu-llO ^y=xj^XJ 

(Jj La J^xai / < m jA i ^J_A o 1 j ill I (J I < I J-L-C ^j -0 U ^ U^5 r^J rg*J[ I ^OJ < 4 — c Oj-ULO A^- 'X - O 

. S_j-o ^; 9 _lL <- -flV ] SdC ^jn.n < til I 4.b$ j JlA w-i t-t 



ch° J I 4-j-ujx. J-o-J a Jj-j-uVI «*_*IiJI ^j_L <J| ^jSLo-i (1“£ Jifci) 

(j} j l.a i.nl f 

« 

i4 X Id S^Jfc LUSC p | J^juul I eJ>dU I IjL-dj jjj illii] I p I i>ir. I J^U I 4 ■ ^> \l A. 

aLj_iJu| jjJaj La La IjjJ t ■_!■*-£ Lfil La-£ <4 lVsl I 4JuLd jkj_=fcjJI A I i -v AjjdJ ^ * « tL 
aLxuiI CjLuuIjJ {jA Ajjljlll JjVjJI 4TV.1 Vi AjSaII IjJjljQ jS] *w\l l 

ila ■ 4 L u > i J l 4d Lkl I j£lja old ulj-xllj <4 jjIi if I 4i*i * ...H ^ L il l ^ (oL^uLJIj 
pLJc. ^ja j-a.1 |J * Ujj-*-o j-AIjJall aj-a (j] a'\ J^5 «LoLc 
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ialjj uU-o j_frUall I «LL| 6 j U~*-i 6jlr>>j * J-^JI J-oj*— a I J.a “v » 

Ij^. 4 n fl i t e (I <^j^jL_J I J>C ^_£-iLij_Liu ^xJjJL-oj ^j-L ^ -Lia <CjI uljt <J I 

. 6 JjJ^J I 


f £j* jXl^a Jla-a fjJI 4 - M« - ^ H CjLjl La Jl 

< . fi IJjp.ul I ■ ijjJ J *t 11 iiJ Li Lo Lc ^xJ^L ^ja LoilLo <Ahl I £ LJjuflj I e Laic. 

rjxA-J <Llui j_JjI ^ic. 1 ^JjjQ ^LjVI villa* 1 t^k (| a**& jj an I Lafi 

(jC. iijJaj <_cJ-a*J) ( jaj&1a 4.u. m'i ll * Laic ijaifl jAj 

. <Loai_i I 4iU ^jl <( JiVl ^ic 4 »J Ul 11 i <L^ -^.^11 ‘ ^ j jLfl uZjUxjVI £j j_A ^Jaa 
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(jM.ol tl (J alt 


0 -o>JI iiU joUfi 

lu^ZLjJI tLC .LJkll iiLJI CiLjlaj 
(.tit// ifi/ <-iJ (fjll fbrfl .fjjSU! p it/ / /h U I ^ 

t// IjU singulariti cjljj-Jdl i j> a 1 yj <4 * <»/ 
uL^ .^7 yl Uvl!j]J fi 1 -lA 1II JLyJ JLlaJ LfSSkj j tpcj&L* fi l^j^uJI 
.2fi l*jj-LdJI j j lo kM j (jl (2 jc.Lm1I { Jj lij ) ijSLoj 

. iJ+jH ZmL* qC. £ llHI £jl 


|hJ ( j \ ^ YA ^-a Lt La ifl f Jjj-uJ I < ijAiii 4 i < »uf L ^^LLaJ I 

I J t jJ-iluuj j-aj(J-0£. J-3UJ V| <JUA&11 <J Lflj ^Jc. £• LfiixlI ^0 

<j| c. t \ \ 0 V 6 j-u^ll 6 jLttU <JLJ| <lljL*_a -Q ( 4 -uCJI <_JIUJI 

o* A'&J <Sjill 4 j 1 ^Ij]I La ^-5 IjjIjjI j 5 pLjaAll pLJc dllj 


J)j7ln 11^11 Clll i-uLzJl ifAj *1 1 £y* p A J ' * t jtJu oLtK-aj J_l I 

I fk£a»ill ui_^aj CjLL-u^ (jj^J {j\ jjjJjuaJjj <JLo(xh ^Jc. I 

< 04 -^ U^jc3^ ^ O^j ^ ^ ‘.A** u>^- u^j < 

4_la5CJ / 4j^U-J f jj/j Niels Bohr J>i-u £-a *J-ac j 5 ^34-^ * 0 )p I <_ol I *. \r ^5 £ j > i*\ 

j^ l .i. t i u j \ flj A jj ^ L*u V I Li j-i . u j * oLu_*_j^V I jlSj <oLlu^LjJI 

. <JLLJI Lolc ^ jJL. j*Jaci jju tfj]I Richard Feyman jjLuli 


J*> Lj j A oi l ^-0 J-a-X. 3fJ—* J L-i ^ IJ 5 ■» »* 1 1 1.711 <1a r. 6 jJ-SLj j 

j-aJ l ^- ‘ > 1 1 JLaX.(j fg 1 iAj liJI I {jC. jlxk-i-ijuljjjLuij JLaX.) JjIjlIJ j.<jLaJ I j 


• i ”" 0 U. 9 ijjfiii ^ Lf Ja J ( \ J 
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V Ijjluj - jUal (j fioA JI IjJLajj ^j-a*iJI jc 

. Xi. ^jC <otS X)jJ djLi jX^.1 jI^5lLu<V <5j^Ja 

^jjlsk idj j !■*<» ^ 1 lUiLi 1 ^i aai j^LUll j ji<i fl"i C**j]l illlj <j| ^-le 

La 6jj is\j Jjl XflJ t £-Jj dxo jLL-L^ul jXLlLj J^a-C JjC 

, IpLLJ 6jtjlaJS <jl t V ^jJ 1 J^kJI |1 f LfliJ"K -1 flfl*i lJjxu 

^Le JJLa j fj(£jil I ^ IftJI I La I 4 i aK JLs \ \ 0 A 


^LiJ jj_u ^-ojj - 0 ^-^*1 » 


.HI 




llJlu A ^^u-ul 


LJLn 6 jikj-a <Jl£ Xa»jj I oLjKjjjll 

^k I Lui^ I 1 mi l U I xLa (ji^l ^ l^^-tjj f ^ Li «ti| ^ij Jl ^ u 

JjJUOJ < j^kll dlt jl < uLuiiOk Ajjirt ^ie 

. Lk^X < fllfl ^ IflAJ {jA Cj kill 1 Jd-xi I ^ \ t\l 

t o 1J Cj Ijjjjj »-J 1^1(6 IjjJ I 01 a UJl ^kl j X_C L=k ^kJUtl I JJ_A Cj LjjJ$ 3 All Lj 

« Lla 5—Ij eL a t ill —flVl ^^-lc Jxklj SjLulII axA ^jLi 

- ^LLuuIa ££^Lfl < (jlj II Lf ic. jl (3^Uf 

jjiaAJJ l A Ufc ajajJI fj\ I . tlAi ijV 1 

U-° L>*f^ 

S IfllujU. dLL»j Ci^~i JT^rJl X^JI 

t jxj -v.il 1 j i t-rfai I IxA ^aAi La <1 u.uj <lal 1 JJqj < ^ uflj jxJ ^LjJb 

e_ijiiJ I 5L>^L$ < J-i I^Lq ^IL ^Joaj I ^ y il I fl o (j^ ^ 0 A jjljj 

J > > V| < I ^-L. c-j^JlJI 6j^uij ^jo-uL} i flj) a i—iu*iI uIaj a I Jj j uJ 1 

L>ao t» V afk^ji-uil c-j^JlJI I jf\ Lfljjj-flJ I ijJ^j J I < ^k^A il I a LLuiI udLiul^ I 

< il a c. 4—gj kl j t * I—LI <LflLi^ Lfl j lj-o ^ ii J; I Jj < < At La oLilijS die 

^kj>UI X^JI ax>I^JI L^IjLa ^j-o Jj^ujI i-i5.11 Jj-*ZlL aJXfll ^kj^lll r\I-^.1 <ju^c 

. dial 


JLlLol jj-Aj 4 -JLaJI Cajlil JjJU ^jj(j / j-ajL^jjjl <J J(j ^jJI X^kJ I <«-v l j-* <jlja Ijd 

^ yi | ^ f >^v 
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Jj-o i flj. -m f 1 jl Ajj I I n (J fl \ A j\S 6 J 1—11 ^jl UA ^ * -l(j 

3 l£ CjI IujuJI (Jjirk ij / <j|j_JI Jj-a j± ti t-ijj (JLo-C-I O I * A JAi t o L * J « u I 

J 4 u4"> ^jlll (_jLu_uVl j^a .1 I j-Aj , 6 j£aJI 6 *lfJ J-iILq 3* J- 0 ^ ^ 

6 JJfc ^—fi I Cj J I jjjJ I p I^V I Cj-J jXJ) %->l I 6 L-A-tj j |j ^)Aj I^U I Cl fl i t t > ^ I ^ I j Li 

Jj_S <Ul ^ • ~~ Jj < U -I-i I jLajVI c> ^ yA: j-aI^JI 

31 Lfl jj5 ^.iJI 41 ^ L^Jl ^^a I uitllA 3 ^ f j* » » H aLjjJuI i—iLiuSI 

. |v^ii I I j j 3*- 1 6^jj I J I 3 * ^ < p I j^-uJ I I £> L*j I Ij j* I ci j 


: j-ojJlj £Uh-i-U oaja_»* 

<JjL*i <J^.4 jIjuujJjLLlIi p L^. jj_o ^LajV I ^4^. 3il jjia-JI IdA ^JbLuj jil 

< j_j-i_uVI LjjJ I jiui^j Uiii JaV ^-i Lj^-l&J I 3 j ^-*-^11 La« ^ ^ ^ ^ L^- 3 ** ^ i j I 

t p 11iuil I (Jj-oj « j* i^aLa u fl-i 5^. .\_-w <j | 3-Ll-kLJI 3-° »A4J *1 JV^i < ^ijV I <Lfcjil 

i-flij—u *->i ^ i < JaVI dLlj 3 -° A-o 30^ Jj*- 4 >^ p^-dj Ji . 5 a 

i LijL^i V ilcj Lilku \j i ..VI i^iAlll j-al 3-° cjl^LaVI fjl til—I j ij. Ix-o < LoLoj 4-q Lq I 

. 6 ^jjli 3 ^ i-Mi^l ^JlaJL a j ^La 

4-C.j-i-u (J-flVl dllj <3 * 4-C.j-juu 3) ■ (£j-^l Sjj -t-si* j—o^U jJftiil jl 

„J 4 1 1 1 ? k (fl (jl * 4^ ajJI ^3° <1jL*-aJI j-U-J L < dllj jj-'x .»->j < p^ i^lI 

< <-J| Ji^"ij 3^^ p^-L^aJI 4_c.^_cu ^il J■ 6 J m 4-fll iii-o 3-* (3®^^ 

31 J ^*U a u 1I 3^ < ic^JI 6JL3J 4> flJL 1 JJij ^^L-uoJI 3j^ 

3 ^ . 1 1 31 3 ^ J -^®- 1 ^L^Vl 3 ^ tdJj 3 U < p^j<A ll 4 _cjj-u 

(jAj * I-^A-JI t_jia ^ 4 Ufl’i) 5 JjJlo iajj 1 Jrti aAIL < 4-ilj“i-kl 3^ 

. jlj. t i3^ ifl ' Jil i J_^ Ai 4 j5j i ^ 4 o_U < a ■ l-^3 * 1 4j I \ n f 4 aj [ 4 J V iflK o I j 4 Uq \js 

^* t-iS-J I ^jLi ( Jit Kj u-tfl Ij-a jiil 4_4_=j k j 3-a JA 4-4-0^ J>l^ ill lift 3 ^J 

^jLc L i- u .'i ' i V 4jl_i < Jajl^JI ja^juJI 4 u gilL Lo| 1 4JI U» (j-Aj pLulVI 
^^Jaiil Cjj 9>II 3]-® i^LfJI Ij-A 4x. LluJ l A Jr> 4j| ^Jc, llJjj 4JjL*iLfl ! dUj 

3 J <j| dljN^J (3*^ ^iA p 1 .1 AflJl dj 1^ j 1 * 1 j * LsQ a ( 4i lt.ll j i 1 ifl il l ^ a L jfl .«»It 
. 4jLo < 1 L^ V jo I 6 JajicaJI j I j a~h xi ^U 6 jJjuq - o 3 (j 4 3 j^^ 3 ^ ^ 


109 



6 A J"t A I V ' I' I Q »-* ^Jaj-u j^j I m J l i fl 11 Jj J I CjI l u^LjJI Jji“wJJ 

6 j-A jllAl 4jV ^j-tl "i itn >1 <1 jLjlL 4_L*. y& 6jj «j"J1 6 JJfc ^jJ-jj s _^-A < 6^1 L 4 ifl i A ^ 
^iaL<ii jjLajVI ^<j-o oLulj-^jLI ^LLLj £ [lj < _j- A Sj^aIU < <_laL-o-q <JIjS 6jj)<^ll 
Ji^j (^ill (^jA^JlIIj JL^iaJI Jajtvk ^Uqj Lo^ * Jjo-uVI >,>fl.ill J^A. JI^aJJI Lil 
1 A Ajjfc ‘ J > lU fill jit, -LLJLj jT f -3 r~> 4 » J j^Lc J^J*J 

. Jjlii. ^1 

^Jhj < ^UJJI I I (■fTk.rk u -fl < J La-d I ^Jj ^jJ O ftfl Jil 

< clluu fl *> ulA^1 6 L-^jV I JjJaj Q-LuqIj ^1 j < Lfc J_ju Jl—<o_Ju V ^ll I 4_U fl JI 

o * ■ * 

I j Lti 111 * tj ^ju j * -»t. i V J Jj i < _I 4 c oUUjVI LisoLl&j^V I a Jo 

IjjL-u J ii.^i Jaj Jj I «(^)j^uiVl Jj I ^-L- 3 lItuj ^Vl (JxlAj . JJ ijjJ-y. jj 

* 

JjJ_aU J-C Ijfl jllj <Ji vtliAl JJ ^jlx _^JX 1, ,1 AjUJ ^14-lJj <«_J JI j^j-a J*ki Jiij-lo 

l^_a. LuJ. I Jj^j (>V I £■ j I ^ Q . (du^l j I JJ Jj LLJujj j 4 ij U > I [j lira J (HIJ JaJJ I 

^ ^JIj-^ >L» <jUj < jLiLI ^ Jj^jJI ^ ( <j_> * * 

jLl^l jj-^ojj «<lLuj J5 <i_i5j u J jjl-oj J^a^ i fcilI ^Jl I ^jjq fj^.lj aUkjjl 

j±^uAL fj fi-i-o <j£Jj * J^jJI ^ 0* L>^ jiL_J.I v^JI lt® JL^^b 

. I_u fl“i l I jSJ-O 6 L^j f J^ |J 6 l^J I Lu 1-xAfl 

4 *\ I ij > al I 4» i itr>ll C tJ “ »b jJL*iJ j j LiCi jtixuj Jif ^Lu L« ^-A oL^LJI Jj I 

<CjJ ck-j Lo < J iA al oI.L*nLj u«iill 4 -v L-wj Lo J*\a Jlj ^icj 

JiO-eH JuJjjLlui JjI QjXJ I Jil . Jljjj ‘LalJ < J tQ*> ill <lc Jj_JI J^-i-u I 
c_JLmJI J_J I j cJCh.^11 JJ I <jLaui f-^uj < Jjil ^ji\ Jj <Jjt ~i iti j I j 4 \ji\ ll \ -w Ij Ja. 

j^jujVI t_11 ^ ^ ~\ fl j ii J ^L^JI jl ^ tVI \ fl i^j Jill cjLJqJLa ^ * nj~N jj-jJl 

LLl^. 1 4 i If, jUaj^ J^mjVI ^j-£> j7 ^ i i i J uj J-^J La < Jj Jj J^^ 1 1 i Ail > fl i n~\ 

J^l i II 4 i J,4lllL ^Jj jj.-t.ii.ul 4_J I Ji^j La Jlj 4 i i uI .(^AuVl ljUI <JLJI 6JjA ^ 

<JLx (Jj^u fj\ Jj \ Ji111 I <J-® O^-l ' JuLoSjl jl JJaj <1L=^ y* (JL5^f Jl L-aj 

^Jb J^iuiVl i^lill Jl Lo_S Jg.1-4AlL i ^j.iIrk J-^| ^_A oUj ^J .oLu 


^jill - .events horizon ilj^Vl jil»<i ^JiLiJI ^Vl (\) 


no 




^ LiVi t^Lj-ifl ^Lxil ^ie. I <JaJ 4 Ii auj OLit**i a ^ 11 jj-fl CAuaj J-Sj 

<j-o U^J X ill) J-ajJl IjA J n "iX 1 j <(_£j_aj La <LajLLo In. I f j j .m\i oLj[ilj_al 
jLjjti Jjij Martin Kruskal J-ujL ja (Jj^UI 11 a ^ ^JjVl Sjkafl jail 

* $ p 

4j jLa j £_-a (JL>^ 1 ^^A I AA a a J l^ i Mj-Sl <j LS . (JL3 1 *- u \ j >^ 

JAj * 4_il^-il (jj£-» La t-Jj-Sl *J JH^. 1 ^4 V. 1 ^ , fl ‘ L 1 * *■***!! l^-i-ujljj 
* 4 Ml I« Ii o V J L—ft ^4^JcD jjjf. p IJ^Xul 1 I V fl I /1JJ (_) I 6^ LL j ^A A i O LkJ I Ja j ^ 1 1 a 1 

(j^J 4Jal J t o\« > ^_ia_JsI p LAaJL *0-o ^ t^v -<-^<lI Jx_jI ^if. QIu.ulI p l ) Lfl-iA **ai> 
Jj_o p Li j ItV I 1 J_aV I ^ Llall I I JA v Lt-gj > 4-lx*-a jJ=u 4fl-aj ij -0 ) <iaLJ SjLuuj 4-i I 

HAVl 1 I JA ^Jf, ^1 _J—iA ^JLI -w <&]j (ill 1 ~k -a Pjfr io ^L«—«Ti j-L-» aj 
XL. jj .^.I^Ijls & jVj^l I ^.jaill ^jc. oLuu joaVl ^ij ji Jj-fl o L > d Lu l 

jJj_iA jjiaj \ \ o A ^ Lc ^j-Opu Lh*-* l*-!j j L-J I *Oc. jj Kmj^ a < La LaIa I *tl 

^jjJI ^j| ( J-L- <<-1-0-1x11 JaLuijVl 4 ajjjl tJISdUuyS >tia. 1 4 1 a A | <j-a 

. LuAtij 6 ^ i.T> ij ^ fl i aJj <^_oVL 1 n t AVI CjL-*j I^J ^JJ ^i<it.i 1 J-fl 

4jl-o La. JjjLpj ^ (i Jxjj \ ^ Lc. Oc. 4-i Lu ciljj ^Lj-A l^x^. 

fi 

. p I Jj_i-uJ / L jjj.^ ir, (j ^ ^ i * ml J l^jS J-u-oj ^^LjjOJ I J La. J L 

4 ii ii >1L Lo t fp} j^-loJ 1 * ^ q *11 ^ fl a 11^ a (J 1^ ‘ “j^ * -ft Li ^ i > L^U 4j-i-ull I'Q 

• JljL>V (j lJd ttJ ^j-o <AxxiLojVI 4-lj^JI (jLfl J^l-U Lj i fill 


*-^ a J Ojli ^1 4jjj ^a J-iljJ( (ji JjlalJI JJj ^-Oj 

<4-*JjVI jLxiVI tj( Lj-lSLaj V tli^Jj f jLxjI 4»XJj| 4J=ujuI^j In n,l. I 

jl J (jj-® *0f ^ *0-1 j O Ji-o 4 j^H]I ^ (j-lll jLaj] jjj-a J_JLj ^jl ,t\X -kj 

-1 *-x l I ^ Ll fc 1^ I J a—JI ^A J_a J ju ^J ( p I i A fl JI L-t i -< i*t ^-ic Ij^,j J 4—1—i_i_luJ I 

. jLxjVI JtJaj-u-a$ ^jli-a^JI Ijj j <fij ^jl jvfl i ^aj jj-aj JjLjJI jA ^l-o jJ 1 

Ija *<» (jliojJI JSLJJ ill i- a J( 11a JSLii ^jj-jjj 

<j-i_u 4-j-fl I ,l a JI a J_aj j 1 j-la. Lj « Y— i <J£lu ^jf. 4 -Lajloj 4-a.j Jj ^ to“» ^ Jiiil I 

« |» 4 L i ill (j-o ^ l k .i l I p^ i ^ J I ^ t a i- t i (jj-i i4_ij^-i-a *0-uu ^jLljjJI J t il I 6Ja jj »a-ialj 

jj^ (j 4J La L-J La Lo-fl (^)-a LL > La I j Li . 4-aj J 1 0 4j^ I jj ^Jj_o_i 1^^-» (J* m 
* * 

o -^ JL> ^ A v>* LjJj -a_C l -aj i"l m a (jjSj ^jill 4 L,a ^jli f<laA.J I fiJA 

p 0 

( JJ^J «<-j» 4 Lii l ( -Of. (j J*N i^J L-J La Li lj-0 (jLi 4I1jUI (Jitiljj <(^1 J\ j ^al 1 ^ 

■ ^ 4jjIj 4iLail ^jl t!lo a *(j-ojll J^^ai Ljl^-o Li-ulj LLa 4 La 
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-LJLi J-l-oj 1 <iaA Lfl < « I» 4 US >11 Li iki a cjA I j-a U IjLi 

L>l ^ ‘(j-^b^ JLH^I LT^ ^i5*J CjJ ^ 4. r >Xjdm O^b L<J^J cJjLo 


II 4£,' -■ j[j I | ^Gc^axJ At V j| ^ jjLxxJ JUI ia^J I j^gl -fc \ i 

_U «J ill jliiIU <j i *i *> KIL ii^_a_L 1^ <-=>»LLo j^Llla ^jJI ^u^aIj <^ xa uJ I 

. ^«<^.(jU jj£- 6jLju HjXjoj <LxLLo jji. 



1 J-^V I —Y JS.JL) ^jC. La ^ J 3 ~ a (J^-lL ^\““0 

j2jI5-q ^1 ji <jl ^flll (^jSLc-i Li Aft 4 Infl > t> . pj^u*kl I «LCj i* *j i jj l5Lo^jJ I 
Sjl-b J jVin . j f^uiLII ^ ^ b° CjUjIa-A J-i A-w ij < J vVmil I 

. a<^llLa j-*£- d a U*i a » 6 [ A* «il I <flirul 1 CjLqjLua <j I 
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I <j-*y b * I— ^ ^ I <J-^^ <j i £*I3JI ^ J-^=»—flV 1 3-° (^”0 J^-uj) 

3 ° (^ t-o ^*b Jvi~> i i »^ll ^ j i. o ll J a j^ aJ. I Ij Lla» a Lilli 3^ b-Jj Jb*^^ 

(jr® ^ — a JjX VI « c_j » ^JaJLJ I 3*^ *{£-*-* (£ I s-Sj— 31 e-ufl 1^1 V <((!)) 4_ L^qAJ I 

■ ^J^il b ^ cy^- £^b* Ch*3^ 6-° L^ ^ Jaj>k-Q 


3° t**b^ ^J^mJ. 1 ^j c^a£| £-iuj!u 6 j^aJI ^>uAj (T“0 JLiJI) JIajj 

0 ^ a JL>’^^ LT^ LT* <-aialII (jjfZa <JLJI 6J-A 

u^Vl '^IjJl j>=JI Jb-^ ^1 * - &* 34jjj^JLI ^jJlElLI ^Ijjj o-a 3 L 3 HI 

ui Jajj-aJJ Ji-ojV lj» «J jlA1iu oi l 1 All Ji-aj 1 

(Sj-^ i b? jjUH ji 31 3 b? ^ u^ksiH^I £-aj j^iJI ^jIj^JI 

‘lJ. 1 ^“* 1 a - a (_j-l| ^Jali-» j^j-a <Ja£j (J^J *UI "t a V |u,aA un ^)(^ajll 3 ^ * I *■ fl * fl 


. <^llo 
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I £"jLx ^/Lo 1^ <ClutiI I rjjyu 

lILIj (JjLojj . 6J-aIj i S\ </uA"i ^| aj J^iTj ^ 

( LU, ijj 4 L> i >iljj <6 Ja»Ij ^-N- Q -^ < t‘V 4jcu^_^k. j^ojVl qIti i.a jnuj 

( j^j l^o Ja (JL-u I J!i-a iill j I fuo i ^JijjiaJ I 6 J-A y I ^x.jj * Joj I^aJ I ^-uuj I 

^lLJI (JaIj y 1^.0^ 1 4_ ( in-fl yl y_j—a CjL^ Li.u. 1 I ^jjj i i i n J 1 6^ «Juj 

< y I ^ I p | yju oU^L jlJ I ifljJL-a 1$ Afl jX^J. I (J I ^| * (ul 5^ I 4 ifl >1 i!J L*-0 Jj^ujV I 
. pj—l^J I ^ Jc 6 Lc 1^3 £_a < ‘GaJUj <iai_J 4 jjuujJ Li £ iLc ^_iC Loj £ Lxa ^_A La 


Jj^Vl till I JTjIa 4 I ft^Li yj^Jli i6jiall 6 J-A (V-0 yjjjj 

i il ^ai|j P^l-JI yXX-iJ , jLr ^j lL t i ^5 | pyilll jj <LxlxJ> Ji-XJ ££.i]lj 

oU>2i iaAJ 4 ft A A ^-Aj <6 J^i-1 I 6 L 7k j I ^Jl ^1-i-aJI ^-o _Li V dJj JJLj <J I ^Jj 
y-o-fl ! y^yl I ii La yixj l^_i I ( Lo <Ia-^J < iilJ I p L.A_q ^Jaju p I jj-i.uJ) o Lifil I y-a 
£jjU I I <j5L«i | j^juj VI > i i ) I c ^j- fi .. o j^yA 1 o l ^ ^ J L U ^ ^ 

j-ol ^5-A^5 tirxjj £ 0 ^jc. Jjjl ^^j-uiyi aI I £-o ^Jjlj ^*1*^*1 Jjl li xJfc y^JI <_tij iji-xj 
. sj) iaII <-T-^111 j i ■ * 1 j,tlI iJjLLj <jV i ll-oji LoS ixj■ '■ a 



JJA-O J^mjVI t [_5 <y * * J»I J^-lJli i^A-o <L5L yl^-oyJl <ipU^A — 0^ «.a 

iJeV ^ A InAJ (J> I ul I aIajI ^j-3 JX> iJI y> -eu < <6J^iU ^JIaj olpjliiti j iaa tv^l 

^.(} < ill I ^yu (J J J* iJ . 4-Lxflj ‘Lj | J lf J 0 i 4jj l^i La JrtAJ p y • ^>11 <Cjxuj il lj 

. jjjjjV I I y<o Laj^a, j I jljVI ilI^ vIaii I yc itfil lj y-uil I yu Jj-^.tJl I ^J La JI 


6 Ja 1JU, m ^ u<i I j I Lj U. — 4_ii ^ Jjj I j Jj—UI -LjL-w ^ ^ p > ~- ~ 1 ■ ■ ■ Llli^l 

. — C.U.LJLI JoiLxj V ^jlj < JUtVl ji ft A ykj 


114 





j_kVI I {jC. *LiS Lo fill <■ a Ja-aa Ij-A I ^j-lc. 

J-ol£JI ^^^juj^JI J aUjU (£“0 did <jJOi S<jAajVI » A^1 1 <4 ^^jjiaj 

A t iV ( i_ t-fl _* 11 J<LJ I IjJh JsXjj I I * a , X t < j 117ij-ij 1 fl ill ufl il 

p L^V I Jj-a Li I jjllj t^j-iaj^J I (j-a (_£ I tJxSj-i-al p I t i7 » J ^UX_U I 4ka t U.1 

jJ^ JjjuuVl t , $JjXa I (JjILutJj . 4-Jj ^jl l^J j?VA> V I >Q(j iQ 

dJj jiAiij jf JjX^JI j-fll i tiA jt.*t?kj fj] Lolaa Jt^kUulI Jj-a < J i jij m! 1 

* LuJl I ^aaa I J ' 1 4^-^u-u c^° £,judu ^ I ^I < i-o LLI ^JL_lJ I La I 

1 4 ^VjL±Hj f j^_uuVI c^5-lll (J^-lj La 5jJLaJ }LULL ^jl X^.lj 

i f 

. <GjjjLo Lyu Llflj <jl J-tA t <jjL=kIjVI L^lLj oLajIsJll 

eaij 6Jj_fl-a ^-IAj tjl jvolajJI jly AjVI < h . rx l dlj Lij^S j t a I 

|V iJft jJ I J 1 'V fl. t V I ^iAi >1 I » 4_J I 0^0 Xa ft J t Jitl <Uh L.J <] J I A~>-v | jj^jj J j.n | 

* 

Ljj^ S(—a_aa> SjjjJ jLi («ln Search of the Big Bang 

JLaaaVI ^Jj cr^ 1 ' J-^VI d %J I ^jl <Jlj .4 A~i fl tj 4 4 LCl 1 

. 1 Xu I ^U^Li jj-a LaLaj ^LpJLuu-a ^oajiJ I ^aa 


Future singularity (Black hole) 



UJ^ Jj-cuVl u xJI J l- i ^caa V J^aliJI . .IL^i ^1 — 0 JSLSiJ 

Off JLuaaVI '«U-^VI Uiiill)) ^■ a .i.ij Ll ^a^ ^ (^j^l SdjJLaj t ^kj 

■ C> >-^11 jl <^UI ^ ^LaJI Ll <GV jL^a 
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# ^ 

< jjLuit>>j jlijujjjl a iti Ja s 3 j ^5 ^* lj uui 43- ljj l <^.\At ^j£~ Ijjb 

j^jJj p I ijjJul I I iy-y u^4j «j j-l«V I ^Li^jjLLji u_jij ^ 

dUj ^JLjlj .(oLAjLJI ^xj-ajJI Ja flj La_a ^j_cuU jjJj La L^j-ajj 1 fl. 4 ufl 1 Jj_a 

JcLflj 4jLi^lal J_C | OJj_*oj JiAil I I j_A ^a 4__i a L tH < >fl >11 .fjlill J^udl i jA 

. 6j-uuLj tjljJ j-kCj IjIjJ <Jjx«Vl ■ ifltll 


4U % 

: SjfjjJf U) A aJI 

jlj^u ^J-OJ cillj Lia.nVla^ ^Lc. Jjlj p I J^duul i t_»_^JfllJ I 4j_uljjJ 4 >a-J I 1 _ 1 j^ fl " 

cJLi^lj luLiu LJ I aja. J I 081 f f^yj^ol <^iXuaj ^a^uL . SjJLJ x /> | ^jil Jlot II 

,j I J-Lflj ( Ifli aiAj Jja. 6 j (jjJ I p I Jjj-uJ I u i^AjJ I >, fl-oQJ ^ il I ^ I ju tu. t ] Ja 
L flj I t fl j t Ifl^JULila Sjiaj L ^iL (j I LL» j J ai < 6j LaJ I ^^jajJ I 6if> La] I jjjaj 

f £ 

, <Ha Jj < 4 Lfl'i jj^k.a ) jj^_i V Lfl-Lflj f I Jj u^jIjaSU I -t^ lj lifll Jaau V 

£-0 IJ-1-0 ltgr> Li_ul I Jj- 4 -mV I 4—All I Jj a 1 A “1 1 I 41 a .iLli^jj LLlIi J Cy-^- 

Ja) | J_^,| ^.ni ) Jf^fl l—aLc. IV j—oV I t—ilWi i \ ^ N *\ jxL c. «<dJjL*Jl (j-iLi «ti‘n) 
4j^JaiII SJjU-a J fl *~t ^J-o ^JLc *LIVj IjJb ^-fl (jl Jj-uuVl ■_ »-& il I j-a-uajj ^jJI 

j£- JaKJI Lu* ^1L 4 k -fclll dJL4 ^ ^ n «^ L^J I I 4^jj] <<_a(jljl 4.1 1 1 .mil 1 

I £-a <J[^JrklI I J l fllxul I J £j I .\ At'ii ill I ijji j^ualj « LaLaj LAjjjC j y+i 

. OL^UI I ^_ya 

(SJJ LT^ (5^lj ‘jlj-JI *4>i-uVl ^* ^ 11 ^ <JJ % * ^> ll jj-oS-o 

✓ 

cJJI I j -4 tjf j-A <^jai( i-u^j 4 juLxj (Jajt \ IdlLj^u Jj-q ^JLc <Roy Kerr 
aJ j£ ^J_Li I | ^j^Jj < S.L J.Va 4_fl4 L^l I 6 JLA Cu J_Ll . 4_i 1 jj J p Lj I 4-X-o 
Jji. | O-laj I (J_Lfl 4ju_u 6j itif jal I >_lI.U1 U£ 4 6^-4 UaJ I dJ-A jC] La Leu i_i^JU 

J^aJI j-4 Ja. I Cuili Lo£ Ja_L^JL (SjJblJajl 6J^J d-LAjJI (JaJI ^j6 

•» " 
JU ^ lr j N ^"\ V jX It. VI <jJ"k till I 4a^ L-aJ I p ) JJ-*-uJ I (wJjiiJ L ^y=> LaJ I ,.U~wjJ I 

ijL^f o-° ^51^1 ^ j-a Ja. -(J^lj—«-«| 

l j a 1S-* 
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I till ^ Ll» < <_t i U 5 j^l 4 i ^ li o jljJ Jj-i-uJ J-Aj <jl till jjJa ^>k 

6jJ I ,flt c-Jlf I^LuiV I 1ft4 tft Lj ^ U V f La | t <j IjjJ jjLi (J. uft i I 

^sljLSlj I 4ltLi£j-o £_flj 4 J^-kj J-5 ^Laul jj-fl I^jjJj 4-J-i-=x 

Cojl. fl.a 6ji Qxl t La^nj fLaLoj (j_^.Lc. “ oi'^J ^J i 

.static limit ^^LkuVI jxJL jiiVl I 1a 4->i ^1 <iLu*il ei^uj .jjjjlll 

« ka Jl.il J^uVl uiliLi Ift-l^xl (-A I^JLfl fP Ij^ijj^I 1 Jn -"k _UX (_A I.L a ^ 1 QI ( *JLu 
J-=JI 6 jjuo^JlLI 4fl 1ft'll I (^0 — 0 j5Lli) <j-u_a ^-A LI <kcujlI jic 4fti >u 

Lf lu^l lift j.A flll J^uoVl^ «ergosphere <JiLLJI &^5£» <_> a~l 1 <iilj_^| I 

1 ^ a ■* I 6j x"\a < t a^ U. c.u mi tilljj ^)«^1 u1^j1I JjLjJI )> ^ o . i ( ergo j_a 





6^iull < ilft.il I <J$a. ^HojJI jljjjl j^Vl cJaiJI jkjij (o—0 Jit.) 

. l$_La <iUcJI J-Jjj ^Jl JJL>k ct>>^ iflLUl 6jS ^jljjjlI I 

. Oli^-J 1 ^ - Lla . ft Jxa p I Jj-caJ I I <ojJ jjJ > <■■■>*jJ I J i tr^ J) | 

lt 1 -^ ^oV <A-oLk ^ aIjjjSjII J^x^j iN^TN jlj jij 

u-L^J Sj^he-'-J g;aj4u»LSj j,ju! ^ ^j-ull ^ oljk. L*jju 

^Jl J>=^ \ Wf ^ Birkbeck JaIjj ,J jiiii.j JxS 

cMI ^ c ^ ^ ll J ^ UUj Ji_i]l 5^, l ^-1 > o M.-I Jlj <> (\) 

* - UL^ crfiJ * J»kil 
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4-1 jj (] iti a ^g] I p IjjjjJI c-J y 1 il 1 j i <G La 1 a\ A I jjl "w n <oLtoLjj] jlu ul^ 
The Empror's iu j^Jl ^Ji >11 SjJalg I»uJI ^j(j^ ^ A oLqLa *aV I & jj& »11 ^ 

i \ ^Lc. p uj 5~ilI ^j-c. 4 —i-oLkiI <JLijj ojJjj j-£j . («New Mind 

. tflikll j J * ^ n< ^ Jllmj £j\ p 1 i.JuV I 6 Jl$J i ^ I a! ia 

I ^Luu , ^ JUL.1 d-® dj *i^LJI (jLS oajJI Ij-A 

^J-y JI d^ J 1 } * ^ I I j-A J d-g * 4i 1 d - 4 d^J 1 a j fl "u a a 6jjg«£iJ p I Jj-iaJ I 

<iU £ r<^j jic. j-a 4j I j_J I < \ ^ *W ^ Lc. jLjj& dj^ S j LflL I 

j-U-uiJ j dj^-i^ug ^-oJjflJLlI ^jJjlJJ < i*\ lj-oV I <_l*_ql^JL» Jflr ^ Li“i^ I ^A I ^J-Ic. 

<J Laoj_ij .American Scientist <Ka ^ j$_k ^till j^-JJI .^LsJ) <jgii d-* 

» * * 

oljl^jd^ w ,j ((frozen stars Sj-o^-lII ^JlL^ I .-.I -v IL, ^ A ^Jc. N * £ 73 -**^ 

ia-ijLxtl Jdl j ^ <Lwj" <->Ll£ jLj-a JjdL colapsars (cjLAjLJI <^) 

c-jj-LlII uL^ w : « A Journey into Gravity and Spacetime 

# # 

Q.jgga I 6 JJL_i_fl <^k Li ^.i.ul> £-3J ^ jSJj ( Jj-La* JLi ^J j, * r 1 \ > . T. p I I 

I g ^ lj <{J1 I ^ a <7 1 * xuj 4:1 Sj$aJ tfl « i I J A^lflJ I 

. « i r JUIj ,\^ =J( (J jg ^.~1 <jj! .ft Hi 

^4* (^ugJj a JjLftlL Lyii o <3“° 0^ 

Afl J^_t_uV I c-aA JI {jj* <5 LI=J I •yg. u I j Jj-A4 ^j-Aj / (« o I j jj ^» w ^xfl^wg I 

^£, J J i 1^ ft JgJ A \ vita p UU ‘LAjjJq ^A jLL ail I 3 fl ~ 1 “ ^ s ^-A Lftigt <gg 1^ 

.UoJ I J j\ 1 i* in A.i iij jj^gg <_lLq_C ^A . ^ l^_=^V I 6 jgft T^C. <Jj_Ag l ^ p^jJu 

^A jUj ^I^VI !_3^ I (jij Lajft I <^—u a * «i 5 ^J| 1 nfl i 1 

-• - - - * fc 
<c-*Agil £-a <gljjJ <<-A LLJ1 SjS jt I Jg» 1 A y \% ^glgj I p j^aJ I <i_*£gJI I jjJ 

c-gilll cgJ-a* £yo 4-jlAJ J_5 <jV tJJj <^1 1 ^iVI II 3^ ^°-° <x.j iut 

p3^JI ^J-4 iJjlA Jj <jlg ^UJI pjj^Jl ^jJc. OLAjJI dig JJI «Q ~1 ^J&AAJ . <J -U .L-vl I p j i A-ftll 
ijLuajj <jlAJ jLlil cgjL-o t fl*i^ ^iLj 1 a fiA u.t-A.ilI J_^lj ^J| ^AJgl ^jil illJj 

. i <A^Uol Jju 

~ f 

pj^JI jjjA <^Ia i*A iV I ^j-ojj <<*-gA-JI ^jA JoA L-J I ^ i . ia. \ J I jLa.a 3^^ jg JAlij 

^juAj ( jA < t ^ t A. -J ( j I JjJ d -0 4^—^l <aUo \ « *1 4aUoJ I 5j-S d^ J-*-g-dll 





> 9 

*<JLO <5 Jj JU 11 <L5 LU 1 6 j_A ea-l-oaJ I I &Ja ( JL juu >- lfl tl I (j JjjJ 4Xja-U (Jli *—ijaaj Ofl^l1 
J5a L^jI j ^LJI <k£ fjl <SjLll j>a <_jl!jjI (Jjil *j-=J] JA1 4jLLj J \ "h j Jjlllj 

* (5 

. jjlLl!I fJ^I 1 ^ tioI <sLL | (g \a f^-a > jl *LftiiL 111<7i 

< t> i..‘illi o <4. a I LI I 6^)^ (Jllj a '"^-1 I LflLL f (^Jc J *■«■** ft * (j^ a j 

4aaaj £_fl J ^_|J I^jms j-.(jc Lojj) (j MA i g l I j I jV I J7 J L f I Afll I Cu la 

<(j- ,^Jj , 4_i^aJal I 4o « Q^vl | 4 \ (Jj-fij La I j_A t lj 4 ■ >-» 4a^j_A <iLla (jjAi ‘ (* I ^ fllI 

^j-lc. i_i-a j <JaLkJ( 6j^ < JjauV I c-jJL_d L Jjj-u 1 a ifl oL^aJ_Jl J) u-lat li r IjIa (jS 

^ai <■ 4aaJLa 4 c.jj.uj ulJ I £ LlAaI I (j IjjjjJ J LA a 6 La I jj JLl (j | I 

(ji -Glfl (<£.j_l^JI uiL ,ja jIj La IjLfl < I jkjuz <L&J-Z± 45 Uq (jjSaj Cujj (jl 

6 jjb >_>it 4al (j5al ^I f <5LUI a j_A (Jaa n «i (J-J > <ja 4flLLa <_tt i 

<5(JaJ| > JjLsu <JL-J I 4—fl Uni! 4^fl LuraV I 6 j_A !4aJ Leu ^jjv 4-SLL <ULJI 

4 L*\ 11 £__a 4-4 LLJ I ^j^_g a tila <4 (ja Ij-Li J ft A i i_JLii I j ♦ -v" La ^Jh ^4 > ~vj)I I 

jam a 11 f 1 l^-o LlI > 4-5 UaJ I <ja Jj, Q Q-t I f j-^J 1 ^j I (_>u-u Vj . Iju la (J-LaJ (j I * 

■ t Q > 11 Va Ail | » ■ h'n! | 4-L.i ii |^_j L^-ia 


“y A (jj-A Jj-uu^fl t-j5TiU 4-tl^ ^ja i—L liA I I ci (| a 4_i| £c_uajl j5_fl Cxfl^i I j 

5 ^Alkil 6 J-A < Li_j La L A. I (J-lcu ^4j I jjJ 4-C.J i-uj Lij-o jl J 5 a^ (j^jJ^ill ^wj-C. ( A_a 4 h“\ f I 
Jj (j-^- ^ ^ V • fie. ■> LT i ^I I I j_A f Lw . f I Jja.iill t_»J) Sail ^jXr CjULlLi^VI ^v-A I ^ja ji » « * 

t Demetrios Ohristodoulou > a > \ ^cjj ( >.«. §^j * (ja oaL 

‘oJLHe 4 j jls jj^jVi C-AJI (ja 4 j 5 LLI I (J^l xl Alii 6 jSj 1 4-JuLlaj 4aJ I JJj 

(3^ J 4^rk.Lu—o ^j-Aj <f I j *J I k-jj-AaJI (jx. 4 a a A | V Of La, eaj ji I ju Aj ^_lc.j 

llA J A il l oAjj -LjL JJlj jl Jaj3 jjl LI Jl ( j£aa V JaljaxVl 

. JAj LaaA 4J L y^jxh L>t-uj ify&jJb ^ jfl Mi ij ^J| O Ll^> n,ul I f L ^ jl I ■ Q.t.<l| 


LLj r LJL ^jJuall JUAj j^aJIa 45LUI ^^^LlAul ^ jj^lj 4l»^la Qa-uaJj 

oljLAjl JaLaJ 4-Laij Ifl J-SVI ^\c. L^allj < jljJ Jjaaj y2j jjajJI j^a 

^ 1 ] SjLAiVJ fI^£.I jkjLil (jl ( JaIxLi-u] V tjyJ.AJI 6 LaaI j^a <laL^JI 4 _flLLJI 

(^ JjaaiVl twAJI 4illa J^Li a t,u \ 4ajLa| (jx f^. Lvf . jjt (jlS (j|j <4aljX JL* V 

(^jaxAJ ol Li 1 t - i .ijJ I 4aljj ( Jjau| ■ »fl «l 41 > iQ I 4lj-AJ L 1 <e j ..Al l j t X“ 

j 5 j 3 (jl (jiaa Jj^V! c_lUl 4 flUa (jc jjjli l^a JU SjJhLUJI jjl (jxuLsjaiJI 
olAlll 4 .a la x 1 1 aIa (^Jc Ijlilaij < 4 ll_UI Sji jjlla ^jJI fj_AII ijfllL C. 
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6jfL LoaI ja jj-^VI iflTil 1 UhV, jli . superradiant scattering ^La-iVI 
<<jIjLU J i.wn p^i-o £- LjulL <j-c jj-o j_Ju-o <. iflj < a I^a ajLe Lr UIJI L^aJau-u 

6^—a ^ .1^ i-fl dljJU ^cJodUi ^-lc U i^j uijajj 4_fl LL-J I 4 Q1^ -i 1 jjf <Ct ( fl 

< LswjJi A a Jlj-» V <Jjjjll S^£JI 1 .i SU IjLfl r jljJjl l JS £^0 S^A jljJjJ I Aj 

(jLi t^Lc .I j_a <0) LL-aj . of^-a 6j-c. I ^ i5lo oij^u ^L*_JJI ^jLfl 

. JjjlxiV 1 ■■ iA il I l^JlAuo <<luA i "i ^Jc 6 j£JI dlL ^%iu <j I ^JI JC.(.4^U IwAjJ-mj ^ i i^ J1 < lLa£. 

>jj-l ~h-> La j_A LJjLajI j ^V I j_A r4 inAjJJ 6 j \ \ a ^ "I I 6JLA iZxi L£ La IJ jj 

< >n aLjlII pLj-ujVI A jji (Jjb S1 ,fl a Zjjllli 1 A,fl <utjljLa*.V( ^A| J^lj 

p l^V I (jjM U ' JL^I 4-aJ J-Aj I 3^* (J^ 1-1 l^jLl^l <4 » 

*Ca LaIA 1 JJJ-U <Cj=VJ jil I (jjSkJI £-0 6^iJu Ll_A J ■'■' I • «A <J^aVI IJ-A *>P LlCr 

4—1 a LjL i I c_j_L_JI ^JjLL <fu >t—o | (J^-A cjVjLlauIII 6 jj& 

. 4-0 (jlJ 1 4_ i n.ull i Sj^aII 


: OJLCli 

iiliti j jJ_u i4]La iilfj jLAJ jL^I <^v in V J-A Jj_*-uVI t,iA~ill jjI ujj.u^’i I jj 

<_Ja ^a Ajjill Lu^L ^jLi <6jjJI Sl^ (J^Ij I^LaQS I 4_la SjLII 

jkl^cl SjC. jJjj-A 1 4ilj <<c/^La Jj| Lftdokj ^j\j f J 1 x 2 k. iaja-uj <jLLaj 

^T.1-1 v« ^Jc. Li UJL> jjc j^-c i t^LaLxjj Lj i LLLLa . iitLaJi VjL^-a 

j^ui t .iiL> {jc. <!j j^"u ^>_L=k (j^ij <£ jLjuj iu^c. jjt (jJ^j oVjLJI i \\~u Vl 

(j^ij i L. m J ^ jju |J!La ^xi_g a 17.i11 Jj-a ^j_u^La 6 JX. 4._i.L < \ ^ j u f ^ ila.uJ I j* LU_J ) ^_fl 

.J}UJI jjH < Ja ^a 6jjill j^Ul iflLS ^j-a ^LJa JaI <_ia ajLII <iLS 
^A 6 Jj—A—A I — p LI I I jjfc O I *—Aj < ^>i ~ p Ull ^j-A <u Jjb 

Laj L) ^ 0-° ^LJa Ja j (p I iAaJI <_Lfll_L P 111 £jja 4_ojLoXi ajS LujJ ^j| ^1 *? 4U IJ 
<j I i *—jiki f - 1-w I I (J-4-OJ p LI I ^j-A O l^)-U.A 6 4-J| QA«^a I ^—1 t I Jj-t-u I 

S oljLflll dJJb <aLx>| J^aJ. 6 JjAII 

pm ^x*^-A <l ru .u^jJll <iLUI 4jt>^ ‘ uL^> J-1X I^IaV I jJjj 

^A ^Uj ^\ * ul I (j^^Lo 6JLX jj—L-» < L 5 L a (p l—LI ^j-o ^L*_A <Qj^a 6j^J I jjI ^-L» > V 
L>e _j L il I * 1 4li jjIa SlIsj o\*^1 Lujjoi j L^li ^ <,ufl itJI L-oLLj jt jjjj V 
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Jfll Jj_i_uVI t — i i ill Jjl J-A <JjLa 1I Ljj 4 Jj2j o[ ■ ^ ^ (J-* Sjlil 

t fl-i ca5l^-ttU *£jL=JI . I A fl J4J 4-J-Jl Vj «6Jj-fl-QJ <vtJjA*.Vl 

.j-oV 1 La J£ Ijjhj < Ljj-k.iii .a ^15> <jl ^Xu tj *<jljjj ic-juaij 5jJ ^JiJI 

( J^jjj | Jj- 5 « va *1 f I L^jlIIj! ^Ill SjUI 4 tic ojL£ Lo 4-Sj^Ja *Uj ^^ujJ 

j5j <jA.I ^ J SjLo (j* (jjS-o J>jj jijo>H jl <tiilj^Vl 

Jj 

«(^)«£ja^Lo <J «l J^juuVl ■ ^jl 6j(-ixj <iiLJI 6 j-A ^£, 4 ajli< ull p LclLl 

. o I \ \% uaJI 4-j I jj 'w^j IfflLL| 

IjJc. <<ilf&]l Jxii 4_kSLll j-A. j Ij i*i^-a Ijjj-ul Lij jt n l La LujJ tjSJj 

w Lui4 jAa^> a »JI J J LLo jt-i-oj (j < JT J L=*J I lj-0 jiaJ <j-o JSV / 

JjjC <X.j-laaj JjV I j^JI J-&J , 6 j Laa y \ jl uj I J_=^V I I ^j-o cjl^j-flVL j-aUu 

ujj^j ^jl l Lo tJjJ < A L* o* J^_o_» Loj < <-l-y jJ I 6 j_A Jj-oj jkjJJj 

Jqjlcu j (g jJ I a Li . i^-fljL *-< i i ^jJ I itdal forces (^4jjJLI ^j_flJlj ^_u j LaJ I o i a<u 4J 

^j-o cj^Jsl 4-i-o.ifl ‘LJjJ *t t y \ U > j. X aIi > t^_tlxll ftLxi Jfl.1 Ij-^. 

j£j~a &L^jI Jexa <j-o ^1* tfl ^ j-i^ I ljJ-^ 6lJaj O-^ (j3^ L^-jLfl cj>SaL 1 <_tAi|j 

Ajj-Aii JajL^JI 4jLfl <<jaJL-o 4 Ufl >1 cjA p^-aaj l ]$ ^ *w ^j-aj . t_jj aI I 

«spaghettfied 4 v 1^.I juajV (4j^_II)) <iLajn «jUj ^aau^- ,o ^ -q « 

J-LI) iijll ^ i > cj/jia-t-«al jVI ^Jslajj ^lc. 6 11 *11 iti-lA a Lo 4 11tii 

• ^UAllJ I j I j^oaJ ) <_ujU. 

i 1a II a«o j 1 I ^1 | I <dj^ JU^J J j* ii | • >0*1 d 11 .n) L 

V JjL-ujj j Lfl-oj ^jJajQj JJj j-' ft ■ 11 4 Ja^ l at • < f .s ^ i t. r 4 1*^ i M j . u I , _. Q t f 

^J^iS Lf h. Lo w_fll > i o | 5j <^tf <jjJs! (^>a 1I r. 

~i5 V j5j <c-xiJI Lh° (V • • * Jju Jj-lc ^Aj ^JuLaII (j-A ^JlLuxil lJjLaj 

I kii 1 IjAu L m l I I J-A | J> flfl , f 1 a . J | *v i n a.i1 .1 11 4 >1 1 1 

<Jj^f ^i Aj^iU <jj£U 4. i 1 nr . ^yQ ^jjLc. j5 *bj i & 4^jjj cjiJI fjja 


. jDj Ja i £i J.^ i La iijJLAJ <J 


Ai .1 I 


<JU 


. f^jiil - A black hole has no hair j^l Ij^ c^ll ^ Jjljll J.U1I (\) 

II jl Lau.jLu yjll J_ll Zjii L< _ i ;h . ' i , <Jya U (£jUu, ^jja. ^e. iliUI ^j jJI (T) 

■ - LV=>JVI jji »uil ^ 
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0-1 /l ah -ii ^oVl La oLSlil 4 l»la 4 h<l \ <_LLa & ill o-j-uilL o^L$ 

rS^jLU jOLflV/ _U£. J* Lu-x 4 -uIjlj Lojq jiSl iiljrxVl / O* Xi£. jjLuuIl 

J^ljj La ^yjjXjJ 6 I i-'O I JlJlA ( _J-Lc JLi Jj I <J L^J I 6 j-A j|J-uu_aJ I j-fiL-MX-all 

jjjLflJ 6 Jx <jl jl /O-fljiJ 4 (_£3-*-u />i tilij ^>U J M_tfl.ll I 

< 

56JLA JflVl JxOj O^Jj <_lLx ^a^JU-U J>xj <Sj^ftil ^A L-ajLc. 

< LLx AJjJLo K^jjj alf J^/jJ Jjl jl dJJj Jj-a ^iLu <L>“tuj (JflVI ^jlc. <4_akjL^ 

SdUj 0* tjjJ&Z* 0^ 


JjpL_i O—flj 4 jI— u 1 j. aLij <tiU J jjj u Cj—jjI J-jfii tjjjJuSTl-j-a £-5^1 

pjij 1 iaj^a»a <_ifl ilI Juklj LujLJl L^_j 6 j+u j ^jJ i <L»^JoJI uLoj ciUjj r \ ^*\0 j^Li 

<oLaLjVI LiL <£l ax.a SjL ^_ya o_^5La <tSJI i^JjLa i^ill 4 u.*iJLa <4 ^l£ <Lflj LV 

£ p * * 

ajj-iif *lr I p5Ljj ‘XmI LwjJ ^-L O^jj I > o.y » IjL^jI Vj ^yj-J LOjll Oj-i 

c P f « # ( 

L bv am II 01 ^ <JL2w|j OuL Ijj Cx^-U 0* jljl Jl 3-A* 0“^!j • ' fcftlaxa \ja I 

01 j-aJ . 5£ Ljxxo 6^51 (J S^iZ i ^^-ic. o^ 4-fcSLI I 0 -* Li jj-^V I <. >i.*il I 1 ^ la Oj-L ^ 
» 1 JjLu (; j-ll I 0 -* Qj? Li <-»Lo 0 -^ Jjl^JL 0 >^ J-i al I 

^ll 1 O Lu j-aJ | ^ojJU 01 J1 aj a I d La fjjb < 4_did J.flJt a j-Li ljua pJo-fl L uu 
Lcij£ <a£. Ijj 11 £J2A.±i |»Jj (jtjLau 0 ^ Oj^ L I ^ .< <i /l ^—Lfl a JA L^_la Qj!fvll 

I li-flj I jig, LLJ I Oj^-I 1 ^^ 5 "^ LJ I 6 jjb S I 4 OX. JJUAi ^kJ a u^xlJ ( 0 -° V^ uli. i 1 >^)"l fl I 

. LI 4 I VL Jo-a3 Cjl IflSJj ‘ l_iok Lite 

Jaj^Loi . ^J-IOJ 6 JJj '.. >fl- ill JDj ejfiu o 1) -lajj <JL ttixi j£lj 

£ jcJajjJ I 1 i *1x1 L ^r>i ~>~i L4i.n k_u 4lL=k.^-ii 0 1 ^ (3^*^ I Al I 

LL=k p^-u<aJI JL=wLi ^.i p LAflJI ^"1 <4JjLJI 01 1>L-Vu I JLa_c.! 0- 4 ll^Jj 

j-uLlIj L «lUai 0-° 6jjLaJI All L - iiiLa £^ I p LA ill ^u^jj. i^JI jJj-aj 

oiLS 1^ <^j-L I Sj-a ujliJJ L^ U aj 4-mi * Si JaJU cO^-mj p LjV I 0^-!j <6ixl il a 

LV dll j (ijJua-J •—fl< 4-U.fl "i ^Jj ^a.v»j cj_^-i-u jjt t-tiVl 0j-i jXflJL <_u J LJ 1 

0^ -La(j ■ I 0^ O^ 1 I 0-Lj f jvi^.o | '■ .a ill <JoXj 

jLlj Jj-Aj 4_Lflj Vi Lai jJ I 4 j t 1 ui II Ljia-Jl OpL u*ilj^ Cj-a IJ L <J L=J 1 o I 

j t .k ^ il 0-® I $ j-lf- I Sjj-iil (jAi-il 0 ^ UJ^ 01 I 0^° u>^Jj <iLL!JI 

4-j-cljj LiLfl a 0~V LftSj »0Slj <Q)JJ^llI (j!lL-l.a AAA 1 ^ulj-u Q-culll a 
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j* VLo ^1 <Ljll (£>HI J^aj ci>*-u)) < \ < \VV 

. ^‘i»lL p (Aill ^Jl <j-iLo Sjj j l . ^~> cLi <AjjlaJI If-A 

jj^ j^j jU jiTmi jA < jxLc ^ 

jjJj <±\ £_£$A jjjl 61 ^ jLf^ f , -H v C5 1 j 1 

oljH j_i jj aIII jj£ll jl ^Lul jlSLJ J a I ^ . 11 j^i JjLail u^LaJI j-o oVjL*1I 

£-ja jJjLjlIJL <6 aH > <iUlil oLu-iLjJI gJLxj cj\j±lm Sj_c ^^ jaj <Suji_a 

* & * f » 

I1 j l_fl i id 1 jJ I < 1 it 111 \ 1 1 <j ^U> vl I 4 ^ 4 j I 4_Afl Lit t 1SJ t iTi-<t 1 t^-h \ 1^) A u j 

<6 j fl la p Ijj 4 ^jjl jl ~^W I I Jl ij <6 J^aI p t i^C- jL^AjI j-o jj-jj JA j_$5Lj j I -1->V 

5 J^tiilj <4jhJI JjL^jVI 6j t t u-a jljfl jx j>-^j (£ I j-« j-J-^ i “ jlfl 

1 4 111. ..1 1 * j \ il | Jj ( -v i ) £_c ■ _ > >**>- I I Jt*v r Cj l..t A i-i.iJI <Ll I Jj Jxo p IJl_^-ca] 1 > ij^fl aII 

t a . ?X ^Aj <p I ■ >«t I i^_j jfl't I I ^ I * I j^A (j i ~ < 4_i Lfi 1 i ti I | iSaj < 6^j 11 I Jfi I jJ 

jVI (^| <1 *( 3^^ 3^ J^a ^j-LAjL^AiJI Jjj ^ jliuiJ 

. jJij ^-Lc- JA I^-lL 4_j I 


: (j-»9-S_I1 u^jjf 4-C>A 

- *j> t- '*\ 1 jjJ I J_^SU 1 I (J5 pi jj 6 J^i-a j^j^ju CjLu| ^j| 

,4 /»( tj > ol | ^Ijill 4_i_fl p. U^k. i\ ^j-oj-a < i ^ fli jiJ ^ t jjLi ^JjJI 

S^pjJLa Ci» N il 6 Jj-fl-o uJ^»j ^J ^Jb ^il j-oVI JjfLIj < 1 ^ a fl ^I p^-lL ^/Lajj 

(J^>VA fll <<JjLa <jjjL^ 6jA jj i/> O (J3^ (J I Sjj-ill ftj-A oV r Jj IJ -w I jJiLt 

u cij-tu p Lj j_i_fiJ I I Ajif J-flj L^_iV Jj * I iAt t ^-fl p^-ti ^ I 

jA > ■ 1 1 ufl i /^~i 1 .1 it jJal^l L^jl . jjjSLII <JjLa <^Ua jJ_U_Lfl < L^_i IJ <UijLaJI 

^| (jl 4-5(JaJI 6JA ^jl ijiJj p^j_*-uVlj . Ijj-l^jI l—Lflj jj-o I 

^ s 

CiLjio Sj^a uj^- 1 jl I jSJj -jil^lj j^f 

i» <> 

( Lo Lqj L_uI j-iii f (jjSj L*JI a Jj-ii I ^j£. ^l.u Lo j^|j <O Cj Lpj^i f 5 J 1 -ft 11 

fi 6 

• J~t fl ^ Lui L^_jLlxlxi ^l i>Q l| j \ A 5j^.l^5 jUeU ^jl t<iujui Cul^ ois i <gj [^..a | J^kjj ^JlolLj 

II I J-a^j V 4 j I O i i I J-5 ^ IJ LoJ < 4 jjJ I a L ifl » ^ I t % ... *** Lj- 1 -aJ I ^uijJj 

Ijj .iilj^=h.l j-fll jjj 5 Jj_Ljj Jl j^Aj V <11 ^yAjJLflj jjjlj jLfl <Sjj_fi-a jjJ 
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♦ r 9 

Cosmic Censorship <_uj£ll Lli j)\ iy-ojin <lJc jlLlj «LII^j LLyi 
Jd {jl 6j^A Jjj «<i i.o^aI I 6Jjfe CiLu] Oa. ] <jS^u jJ v_ax*6Uj - Hypothesi 

I J-A \juii Cjc- L^ Cj LiJU u~J f 1 4-UZ>jiJ I d jjfe jAaJ J x aJ 6 J^JLo j LaAj I {ja LuU 

. <Jjj5i] I j-LC- ^ l^ 2 kV I j Uy I <iAi^ Cu-iJ I <*jyu LsJ I Ci>U Lai I Ajjfc Lkl I 6 jjb <jc 

4-Lfl <il_SJIj iujLaJI jJju ^AJI J-x-ojlI Lyl ^Jt jLu-JI ljjb ^A ^-£Aj SJj_a1Ij 

* * * . » 

^1 1 a.iA 1 iu a 1 \~\~h. J-A fl <4am 1 i A 4 -IoAj ^jf ^jj^y-oll ^j-a jjxJj <4_iLg_t VLa 

f » t 

jj!Sl> Vl N^VY lc CalTec oJtlJlf* ^a ujJP -^ jaj 4^i,,,^ axo 

c_j j. fl.^11 ? *AjAAj1 I <1aJ I ^>-a j-y Ajj < Jj I <\*il I j ( i W I {jL. V I Jy I 

<dfal t£ ^ja N ^*W Lc. tiJ I j ^Jc JiA^j t \ ^ 1 • ^ lc j^]_y if Ijy-ul I 

jIj O-tAyll (_juA » l^ji i al I ^Jc lyb LLa <^13^ ^ 0 ^ Lc 6 Ijjy^^iJI y 

.jLm^j <Lljj Jc ^jlShj <oilJlSh ^_fl Ijllxul (J-aC JAj yj^yJI jLl^jL ^LoILaVI <jA 

< d J-x*j <jLfl < Jiti IS 1 -a a <jL» <1 j>-A JjLq-j <jj^j <jLS 

-J oUj L-fl^-Cj jla-A Ij 1 Jyj LflyU jLx -%1 ( <j| ^$J inAA J j- -.^ I «_tfl~i ^Jl J^^xi 

Stuart Shapiro j^jjLI. Ojlyxxu ^ li N^ij .«hoop conjecture J^Ul 

< aIa f. Jl-a xi dlj^yiyu O u oLa Jy Saul TeukolSky ^X* 

.(JjlaJi ^| iujiiI <JUJI (j(j 'UJJ-* <•% «o tillJ j LujI j t LujxxU. j 1.i^jV I 

t no ! <jjj^ <Uui ^IjOki jLyl jyL j ^jLIIaJI t—1 1u ^ j_flj 

<xu J^l I 4 j I <lui ^I^OkVl ^ji i<flLaA pi utijj ijlyoAi <uA ^Jc. jkj^k JI 

dUul ^-fl 6jjLi (jb^j t irtl Q i I ^ K ill jlS l.fl^ a p I Jyu xjji* flJL jj 

yo oil'll Qm »I <1LJI j^Jj < jLtijij(-A.ilt jJad (JjLfllI ^LJI ^J j^^kiI J1 iiiA I ^Jfi. 

. 6j4j£1I 4jj^] I <XiiI ^kljOkVl 


4 LA. I, Li aJj cl | J*| a*> <^ljju ^ji\ JI \ > ^ 1 *\ J idU 11 <JuJb ^Jc ££jJi j^yaJLfl 

111 OjSLII luA ^y .lc i^jjjJgjJI ^jjj Lo JxOj <$Jjui£ ‘Lyllxui 

t jjxm4 U>iA fl »ti ^Jl yi Ijlajigil lijjj <ollj jjLyt <j£Jj J^jui 

* 0 

V y (j-<J * I * auLIi IJ f jILo I L yOi jIaII j^iall jjLskJ LojA £ JjAI I ^Aj 

. <*Aj ^ Ifl x yy i jAl JajJ 
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oljjlLI jl oluj < la tail ilii ill I 1»jJaill jl mC.V I 6 dll O L l.. A . a^ l I CUU -U 

}Ll1oj VI CuJ Lfil ,-lr. < jj£JI ,1 £iJ-H jl j^ jaVl j*. iijLaJI 4 jii i A fi ll 
j^ ^ Ij^Vl Sill j(j ^ ‘"cr^ ^La ^ ul£? ul (>j ‘Lu^uuU. 

J-A^ xtJI gjSjA jli (Uaa-uo 11 a jH.^1 U^J (5*1 * L*J Lfbj*- 0 

4 i La j5Li * 6 J jll I ^^JLl i_flj-txi Lo Loj-i 4 j (j t JjSLI Jj jl * Lfl i V I I 1 a <j | jjj Is 

. j^llAl) j^yXl till j 


: &J)L fb} in II ujilll 


<5 HI I ^11 il J Ij jJ I Jj-L-uV I c-lil Ij Jjjju <-ila£. j£- J jIt <t xr±.\ j£j dll 

fi 

I d ^ a at | Ljj I LI | ^ If jj i U LLaJ I jc I iAU J LflJ I j% 4 n I Lfl inn flt I 

l^jjd (Ili.u * j I ( Lo I P> 1 ul cAil I j IJL9^ jjuu jli * £fl LLa ^ .A.tL Ck l I jn‘l tflj fl 1 4 -J IJ 

4 ,I <£UJf JLlj ^j| n» <1 ajla IflLLa jV 4 <i^ p 111 L <j| jjmi l dSj . <jIjijJ ^ jr. 

6lA .^A <j| Cmi i jji <-u^^ CiLI <ii^ jSJj <(j-!jVl <--l vl) 11 J * <dH 

0 # 

. j I jjdl I fjc 6jl fciA t. mm 6 JjQ fit I j-e Lculj j-aS I 6 jla.il <illaJI jjSj cAjm-u <J LaJ I 
*i.i j11 jl Jj_^j 111 b <LaLoj d»/,.Ki J jjii ijl j*^ a i V 3 J 5 LLJI JjLl <L 1 aj> a 
jL^illl Hi 111 I ^lC. <JjU I jak^JLa ^Jl jjlj jl 5 jlij i Ini i AlL jljijjJI j Uall 

. cUI la.L - u^a j-AJJ t^lu JcaJjj fjyjijA L^J Jl 5 I < >II 


?4ai\DI ^all I41 1 ii ^a’ > l l j^£. C1LL1II fjJ t(. Qi^ll Ij^j (^juLjjaII jl j 5 ij 

<ljjlj-^JI tii-oljjjjU ^lill jj-iHJI <pLjj 1)I ^a <_iaaVI ILc j^LL < lUi’i^o L^jI 
^j| cILI^aLj <^-1^ ^ * J A pLoiiVl jl ^jlc. <<J In* ml 1 j^jlill lift jl 

jj ■ j^bui pLa j -0 jj-^ <LljJLa_fl jjJsLUI llA 

Lf^! V* ^ °) L^i ( p ^0 1 1 « * I a . .i 7 JI j-a 5 jlj^=JI 

' jj 

j 1 nimiJ - L - H ^ya 111 Li . 4 i^ nflj I ~\ u jXJ i 4jj l^_a. J ^A Ltii i "‘klo jj LtJ / ‘ ^ » 

I Cu-ujjx^I <Jjljl 01 1 &C La Ijli (4 iiaA 11 fl J^ < j-^jll £-° ililj^.Vl 

. La ^Ul JllA 

jaUij ^ jl) jjUl ^ CjLojJaII <U_aS ^jj 6 jJ^£*j j^LUl lift jc 

fi 

I jL^illl LojIj LfTLa ( LoLu ^jii-a jj-^> ^yA I n$\ I <jljA ^J t^jjSil ^A ^IaJL^ ^L L a 

Cj Labial I 1 a^ j ^ * A tj ^jLS < jlLu pLoj g£ 1 , j^q Ljia ^ LL\J I jLS jjj^A 
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jj-ij Lij-Lfll I lA. Ajlj-=JI jL-uJ-o <JaL-u ^11 LaJaC <JI Jl La«a 

ulD cy^Aj 'j^Uaj^UI jj-<<*-i flj <<LujfLjLla Sjj-i-^j £-iljll cjLajIaII 

JjIajJ «entropy Lujjli^ I» Lq-iIc j^iall-u A i i^LaJ 1 \ < n o LajL * 11 ^a ja a ! I 

J i\ Jj-a L^-J-iJjIu <LaV i j I jjJ Ijaa UjL ^_fl uJ'y I La jl <^Lkj^UI A J Lj 

j i n a I J-» jl j^.a i V Lujj-uVI jL» ^ i A a > ^jJI jjaULlLa t Ljjjj-u^U 

j I Ll5 -Lj Ljjil I v , fl Li- 1 ^ I ja.:^i till j ^Jcj < jjSLI I jjj lj5 j»Jb I j-o jJb < <jj la JJaa jjil I 
t < dj la Jlaa ^_y=* jjjJ1 j-*- u -* 1 Ja j I ^.ftt V 4 i LrtL Jl*i a \ JJaLV I t_»a il I 

. ^_lL cUj iLl 

OS f ( , 

Ijljj >T i i "J I j>£* u 1 cSjuu-^I 6-° ^I N \ ^Lc. jjj *Mj 

j I SjLa ^j'~' * * j*-l LI) UjL jj£a jl Lai jSLuj t_t ftj *e~L i.. a . ^■■l^LaII ai-^j £ i o. > i 

l^k«ajj|j LajLuaa jaafla jl 4 j|j ^j| Ajli <juaLAifll <U l Jaja j| ^<JaLL 

A j A J$[ . jaja—oXill jaa .&aJ I ^j^JLjuu j-a I jj^J LI I v^aJLlil ^Jaaaj jLfl 

Ja I ja A uft~i"k jaa JaLaaJI jl£ j3j • I jMJaj I £-o <Laa 1 ^"l-q L^-Jj Ja^oj^jLl I * IjVI 

a; J L* ^JUA L^k Mill -Oj £_£ j.^1 lj fl ^ a Jjljj <-i A."\ -yj J^jhiVl C.iA*ilI ^r.lrvui 

Bradon Carter jjjL£ j^jl (Jjj o_aLw Jaju L^-lij jLS) James Bradeen 

<Jjlj—ajl tii—oL*uj] 1 jjajlj-A (jaj =h. I O^JLoj xcu j) ^J7 Jj-x-oLS 41 jl n j^ 

i A i i-«a Lj < Jj-zw <j | ^jlc. <j I jJ I 4oJ I j.kj <J_ac jJbj IJj-*-uJ I i_i^ijJ I ^_y=ul ^a.j 

JjLflJL { jj^ ^“11 Uni <a.Lu^ ^ju JjaII ■ <J ftJf. A A-J-fl is^oiI j>C ^ 

^jul i a <i 11 All Lu) j j jl <L^jj£, < f*\ t u.^ (JLoj <j ‘Lx-oLLI I L ij^ iaU ^uLlLo 

L jij < L^jjuuiV <Ajlj^ o I j cul^ g-1 i uJ I cjj LI I jl j-Lfl iajIj^JI 4-aijJ 
. j^Ua^l ^Jt ft Leu ^iuj jl jLaj V <j| j jLaj j Jld < 1^11 A La £-a 

j_^j— o i) <uLl£ ^a j_j_c 1 1 <a^-A i<_aLL5 cLloj jl j <1*11 ^u_J < 1 n *j ^ 

c_j j a *1 II iijl^-_^JI K^liil <tiL^j| jLa t A Brief History of Time j-ajli j try > -% a 

(jaL^U 1 U 'V CiLjj ^yll JjVl f Uil <jlj.aj ^-a Ljj ^Lfl ^njl (t^fjjjuJI 

^Ij^jluII ujJ-AjJI j 1 ^-‘L a *^l CiljJ J-Sj <6 jIj-^ Lfl jU (JjLaJI 

. j^Ja^a I^jIS, p(] ^lj t jilall 

jjLLua^J c-ijjSLah j -a*L*4ilj ta ^kli ^jll jL$ 

^"uj . jJLjjb l jlj—liI Ctfu 1. Jt o Leu Ijj l J LLa t j a. flj jL£j < Jacob Beckenstein 
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jjLl jjI ujlj jL£ 11 a iJjLu ^1 A Jj a I'm (^Jl (5^11 <j£. jlJ>A 

L IjJjla jlijJb j^ j jiJ *p I J^.nlI cjjSUI t Lj_lA ^V « ^Ic. iiJ^a jIJ 1 lij 

^ic J - jl l 1 .. Q j I -via ^JI giJ I v.liAj (ji=e J-A-Q-d dG j-a 4 j jAjuaJ 

ifl LLJ I ixo£ j J < jjlOI Li iJj JJI 6 J Lj ^cA Lu jS ilDli A < Aj Ij-^JI Jau-u^J-a £C-ij-o 
jit jdi J LaIjjco jjjli)) <ajj^ ^Jhj <oLajUI O-U-S jil .*u <HJJll 

L_iSli jlLdl 5j. ^ .ail ^ 1 -alS oi*\tu j] ^ V^lj;) :^LS jj kl 4 . n l ■ j-Lj-A 1 fl \c. 
<_iSitl I » ‘L-ii.-A-fl ^J I (jJJ j j .a-loj J IS J_SJ . « ^ v a tj-f jvl LaJ I Of fl ■% I jJLfl < I 
4_Cj_i.uJ 4't^w 1.7,1 Ij 4 h*\ 11 4 1 c. 4 -k, LlL I O LajlaJl I j Ij «« £t-a^L a 4J (jmJ Jj-euV I 

<Aj£-aJI (ja ^J-Uflli j-° jxl ifl-v > AjLa ja jjSj ^ (jj CjLojLlo jd ji.jlfl 

Lu jj 1 1 Li 1 6 jj Li I a J j L ^ 1 <H I i_u 4_i O ^ mj f 6j).^ fll I j_i_^. Lifl Cxi [£ I J I La j I 

. 4j I J j Lflftj I £_a < cdTil I Cu4> Lc jS I 


jX4 < iS 1 jLJ 1 G J -sJ I JjiJ ^IlJ 1 o IJ LuJ 1 6 1 a I jlS-G jj 1 < lijiAJ IJ 

jia, LujjUjV I jjd V jlil)) jlL <JjLfi Jjj AjLUul 4_f.lj_J jxLl 6J-C. Jjlj jlx, 

. «U 1 La jujj dlj t Ljjjll JxaIL <J <„iS 1 ILS n_j"J 1 ^ jL^ii cjS iH 
j I ^j " i S J 1 < tij£ 1 J-Sj^l «^*1 \ 11 JU1I ^S A j a -J I <iSa JLG Lcljj 4jjj ^ij 

<-=kjjJj 4_l iu^aLkll Ljjj_ijVI ( j-a iJD ^jn L-S-a JjL_aJI_j ^_A u-aSH I ^ Umi 4_^>. 1 4 n a 

e- tS I jS.4 4 3 CjIj-A O^L (JU. A ju.cJ 1 jji X i I—-|S jj Sj I j^JI 4 j^.j J t_ 1 i i iATk 1 IS < *Gj | j^k, 

jj-fl i^.jj dj-fio (J° O-^ 0^- ^ LiJ_=xj-i ( ^ -a. >> jLf-fjl < ^k_i 1* 1 (J^jCua 

(_^iloil j fl .i ^J I i^jjj ,! XVV —J ^jill jio^JI (j^ s5^ <(jlkl I j Sunil 

. Cj lljfJIj oljlll hj\yj\ dLfljou LaJ uC iawjjJI ^-A 


Ufiill jl^( ( jAfl il j (Jj <j^1j jlSj V IMI^I L^J JjLuajj ( jjJI 4—-fcjjj I j I 

(j I 111 L ^a4jj i I j S co C i < <c j l Jj£1j J^J L^jj A a liar L^lj t LajA$V I 

jUj < A I jj J-U «OlLuij 1 ^ llfl 1 A 1 jllflVl A jjh <laa!JI (ja y * (j I A 1 4__fl [ L-J I 

* cd )j ijffl jiiiiiI jS (JLJ1 4 • nL jl£[ LaIj-^q 

it I JjjluJ I ijjillL Ji\ "k 4jtia Jl^.1 ^S oSjll 11 a ^S (^Hj c^JlSJ A ^jC. Lai 

cj Llj Ij t l^J j-di Lea jJjlJI Jj 4 ill aJ ^L-a <la£, j (j^j tt IjJft Jj-^a j L^SV I jilt I jaa 
* , 

j-° 'Lnj| Aj-ic. (ja (j^Jj j-a k iAfl 4a_o LJ l 4 ^ I jj, I AJ^J ^jIa! I jilliiu^ * 
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±1 WWX flc. ^ <!L^i J VI <<GJL± jjjLj J-ualj <i) f^Ljj .(J-ulj-i^l Jjj± jk .f lu 

^ (4JI _>kJi ^ i*l lalj^I I A i-i^All pIjI JJj 

^l£.j <Lj| VI <« 5 -uLi j-i-c. 4 It *hj LjL^j omu JjjJI Ij-A jJjxJI)) djb^JI <-^jJ {j£- 

■ l ^JLL £jkJlA j-iC- I Ljl_=». ^yb P L- La ^IcjAAl < A if. dj JjLq Ij Jjjl 1 >t|'|^ I <ii j^A-AI 

rCu-Ljfljj-ull ^jxL^UI <jAAjl ^jl jil-uji <jjLj J}L*» I fJc- ^LJI 

Alex Starobinsky^_ ^±}jj^ "m l>^Ij Yakov Zel'dovich ^—iijJj oaj-£L 

.p I i Afll I Lfiuj «<QflLL J^a OLaA-xua* jlLj I <jS-qj j IjjJ I 1 (jI Um.Ts I d-fl 
^JjLAJLt A^p^o oI LjlklI <JaLL=J La <^-id I J a"ia flj lj_u-a L ij jjLSjj 

Cu K ^-oV I ^jS^jA Lc. a, jj$)j ■ jj^ AJ 4 „.Aa£. ^ya La *■& ^j-lc <Li(_lall 6j-^ 
jjjfl plfl-iui^ O-u I j^A4 jljjiI ^_iC v^jJl 1 11 ^y~^ <j| CjVjLxi .1 »Z>At 1 ^j| (<LiiL < 1 x. a il J 

< LluU^J (glj J-lSTu ^ I t JaaAj Lo ^Jc jJLl .pLua-flJl 

iuj Lfl-ilj iSjlj-a* <L-^jJ (JxiJlj L4J p|jj-i-JI C-Jj-Aoll <jIa \\ 1 \. ^.Lc <il^j-c.l L^-b 

n 

jjkjc. ^_a Ijdfl iJ^ q- > Lqj^ ^ (jLjlXi I a j-A LUn ^_fljjL_» La ^_Aj <p Lua&II ^_fl oLftU*ta. 

1. ijj.il < Ib 1 i II n ‘CLiwO Sjl^JI <^.jj jjSJj < I ^LlII A^LMtui L <Jlx*JI 

^Id^VI 0-Li 11 <j>.I i na ^Jc. JaaAa IjjjiI <c.jujuj <1^ iJulIj A 1"^ 11 L-oV L 

<1 i y±j^ jL=JI Jj-i-uVl <—ifl-^ilI fl j^jLa* vlI dltit A j .u Ai jA J,1 ^ >1 (_£-Jlj 

. jt-a^La 

l ^u l^ La <jjik-jj <t 11 n il I <J^lni,l I iyA i yU Loj | ^-ic gj&jA ^ LlaIi| 6 j -4 Lii 

Jj^kj 4 Lo ~ -v t Jj-flJ uliib <^-L^ ^Jl miaJI Jb^J <JjlS-al ^ Lj 1-V, ^JjV Li f^il 

jl p L-tli | ^Adua <dUj .<1 aLLj jLuu I <u ft ^Uaj ^aL^ tfl * ^dx. 

LaJ hjJAa jiix. (JLlA jL<: U (JJj "kj « LaLaj b ft J^a JiAt ^1 ^jiaj V iiLLJI 
Quli] <ji JjS-aj V 1 <_ 5 LLaJI ^a j j 5 (J _lx. LaLali jL^ PI *AB ^j-a 

LAjJ jA Jj V SjJ-i-oj J^VI 6J-1.1B pLfl-t *-u-%i AC ftj 1 (j I j ^iu <^-i-jjLua 


ad-4 . <-oLlll ^yo ^ \ • fjc. JV Cilj-i-i uikx. ^ j-fia j ^^4-5 .J-i-C 

JjUlIJI (J-La-i -w < 4 .Alin upuA a |VA.4AI < La,lj^j I jQ Iaj I t tfj CjI a 1 11 « ,^il 
^dJI I ^_JLi.u j\a 4 At ^vl 1^ Lfl <4_klc LL-flL=h—o <Ujy£il a\-^ it*II < i ixilJL 

^jUallj aaJI oaj^ ^auiAllj L^ Mrtfl Ca£^* 4_J-ajJ I 6JJh J^Lii j j la t 
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6 j_A ^1 ol ft iauaJI i j a I UI J iflli (Jj 

f^JS^UsL fjic.j^u ^j «< virtual particles Ljjj-HJI o Lj m ? J 1 » 
i-ujx. 6 jSi l^l .("l—o I ^liAl o^-AjLlduul g^lll <5Lkll A i A -fl ll <4 l A -i-i i 

^Jc ^iij-ola ^i»G <J q(aa.<M'vJI <j-° 4- -w_j I 4 JI j L~k 1 11 6 j_A * 43^5 ^jSJj < 4_j Li-U 

. Laj^j ^ <lJI ciLi jJLstJI 



(3^ " l 4> ui^ 6 JL >l au L jj (Vo Jlxi) 

- * 1 

Lfrillj j*J-C I J-ii U_I \ UI ?^yjui V jiA3 .4_tj 1 \ fill I pLaUui-aJl f- Liflj 

. 4.01» \ a oLXia ^jic. <-ujS i Uj_U“v <jUt ft f jjil I ^Jc 

ilj^Vl Ji I iiL*. ^Jc. (j lA~j I a u.^. ol jg * n.^klf 6 jjb JU £jJ aj ^ jJ I La j 
jikli lain tuSill gu iin^ll J_=w I gj^sGLoj U At I <^jt f fi a 4 ilar SLaLaj 

Z ( <1 a I-LI | u 1 tn -k ^Jc. ^jl. i 1 t.y ^Jj Jii <p 1 1 A flJI I Jt li a J*3\ 

t <MI £ja IjJ-5 1 . 1 Q ill J fl -flj r LaLau jjj4.a.l.Af, ^_fl La^j «(V—0 JS-JtiJ <2LlaJI 6jS 
I 6 j Ij-^J I I La jJb i**i 1 1 ) a ^LuiVI LlA .La I >l>i ' 1 gti ftCl ifl 

6J-A OAj-luI LaJS Jij I4GI ^ itai ljX~JI gjjjI <aLuaj Lilgj ^_Aj L^_j Luj 

. ULoil 
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f f. 

1 ^ .tlf LuLojlaJ L <-iLu<al o-iLL1 JL^ill *LL^j &sa i ^1 

<j j I I K * -a Llj aJ i \ «= L»j—i—flJ I o L» jiaj a * l oLj_bu ^j-if 'in a ^ ^ LT ^- 2 

. v —& tita^ I L^. Ic-j I JS I ^-A La dJ La-A J^Jj < ^*5Li1 l£ x > IS^xaj ^nuiil Ij 




<UU..a -uni 1 g I J>« n H {j\ j-A gjSj_A 1 1 7i I^I gX.jl I <jj 

6 J La v__fl 1 ■« 4-<3 | y_fl^_i_u <( A% tAl I g I i ii 11 lJ Lfl c <Lj Lc. O I JJ_fl_a l_Ag *03 

^j-a ^ iIi 1,1 g^_*^=> jl I />a 6 jLo /^a "ui Loj <g_i5kj-A ^ Lj> *Tjj J^La 

<jJl^ £_Lu ^I LiAj J < ^Lju-lIiV I 4 ui Ifht I (j-o ^| I 

^kjJj *G I < Oxuj_fl I ijx-o I 1 j-j u*_< lo . K ij ^Aj i (c^™ 1 ^ 0 »—iJ ^) 

^ .^lj"l I o il ) 1 1 *^=»jVlS c_i^5^ < K11 6 JJb ^j-a v_flV I <lxu <JlLu*al 

^j_fl Luj-Aj <^_i_l» N • <J 4 i *. ull L .lLlijjjl ft «Ti jiaA *Lila]| 1 fll L 

fl <J^LLVI 11 n7i AJ | <£_a <-C 1 UuA4iL 'Aj-ill S l^j ^ 

o LLluaJ Lfl.lia ^lj . <J A l t aJL 4.e\-\ <-A <_oxAa l -®JM- u UJLHJ^ ^51 U-^JL^ 

^ iiUa ‘ CL^ ^ ^ >=>* U>^ 


. — ^_Jqjl1I jLa-ijVI >_fll-k'k/i ,j^ JI SL*j ^ 
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iJjL*jj <ajjiJI <ajL <SLU j»Jjj (U-v 5j£. (jjjI jj La ^[ «o(jl^* * * £-L* 
i4jjIj_a. O JI j jiiU^jVl jdttl im I LaJ$j *6jJai (jIil-lLL 4la 4- t a i il l LflLLJ! 

.ju^JI <i» ^ill ^LljIiVI apI jj t H a jjx. ** tjK p^lull 11 a <jl 

> <G| c. . ^jjJla ^aA JjlC 4^1X11 <LlLo£. <-La£II olj-uLllI i_flQjJ JA <<j L 1 a" *\ t^j 
.4jjLc, ajjJLa LSjt <tiJj^Vl J^aI <jl ^il ^jaiLa ^i VI j rt^L i. aj ^jl *<lJLi JLal^l 

. pi akii\ j-° La <ij^i <JjL*_a 4<aJL-u <Jj^ Cj^ *“* AJjill alA (jl ulllj £ja pJj-uV I j 

t * 

t^j_J | ^ | Jj_j.u cjjJj {ja j La ^_lc 1 iiAia (la La "i AI j] Kcj -a j^V I (jujJ 
6 Jr. jJjj <Jj£ ^jujJ^jj VI JjjjjI l_1j ^j-lr JjjuarJI lUl^-t/i V db| j-A (jV I tiiJxj Lai 
jjli jIIj J jl>^ qU 4 £jli (^ju.aj-uJI <lLS! olj-a 

jJ>llI VI ^LcJuJ ^yo ^-La"t V <<j(jLU <Hl JjJ-A. Vj l^ljlj^w <Li»jJ (jj^j 

I «LlA LuJL I p IJij-lxJ I e-jj j jJ I j 1 aAj I a j_A till £c_i£j_A c_a L til’ll I (J > q cJ^lj , J ». ■■ il I 

JeJLi-lII < -\ w t oiJlA (_AJ_a.Ijj LijlfLal (jl <jJc.| J-A (jL^ 

<j*® lj (jl J^^^-uVI ujAiI I <j| jl^Jj ■ aJajJI j L*_flj V I SjJi L^-I I 

^yLa-i l^jlj <ui^llal I jJoaJI I <^u i$ <Lijl^-ol 4 L j i t. <^^L1 qVI ^Jc. ^ 1 

|\ j J t^ a 11 jL ^ AjVI |J IjU .Cilj Wm il aj£r ell - tit ^ ^1 Jj-*-u I o£ ^Jl aH ^1 

<!a-i_uj_lJJ ( ya <iLi_^ J-A^l I t^y* jJolla {j\ jJJj ( _ y lt a ^Lfl f LaLaj ^(jLoJLo 
(3-L111 I ^7 J -V i ^ I J » «~i «<i l I ^yA <JLaJ I a 1 a < U i-w^ll I ^yA J-i I -11 ^Jo(laj 

. j t ir >ll <jJhLilo p Ijjj-u <lxA ^Jc ^ JrL»lI jUliVI f^yA <illi^JI aJjlj 
6 

4j-=t>Jt <SJ*1 1 JLa1=vVI £A>A f LaLai ^jj kmt a ^ Jar ^-flj <<ijjiaJI AJl^jj 
f^j-*-*/Vlll J-A ujlll alA Jxj jj «ao jUj ,^11 ^ QilU iLu p I J^_j_u ujjLi 

J (j (jA LU I J LJ. I CjjI 11 jilj . <aI Lcu <H£ LAp Ijj <■ flllt ^jU ^jA JI al'v | j_,a 

JijSLi ^j(j Jj V <£-a ^j| CjLLmiaJI ^jV ^2^1° <‘i 9 ^-L <li^u I Jj ^lll j t> i/>ll Jj-l-uVI 

alA (J$ # ^^_jJ I ^Jl j I a iV I j. l-^. ^^j-a ajlil I ^i < ^ • *• j-ft| 

jlojj ^jll ^i^ 'i^'i jjj oLa-K jSjjj J.A ‘^jjJjLjjj-iil ^-ka.a ^ Li^j-a ^jSj jJ p IjV I 

S jLti hIjJjLau ja Lfj 




la >* 


fJ -->V, H (jl 


5 J_C jkij - (^jj -^3 ^ ^1 f( j-aJL-uj 

^aIII u i Uj <^L*-JjVI j_a <_ujLaJI JjLljjJj (Cjljlajlk^ 
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j-ULJ 6 j 1 if iLl UP J \C. I <4-lja|j I j-A jA jlj| J-flJ 

: tsl> <> 

jr> Ifl n t 4juJuuqj 4jlJu-o p 1 4_^j-aJ I JI ^JJaj I J 

<iilj_a>Vl Jil - ^ tjl J! ‘U^^J 

. <J-Ju^tLa I 6 J^ill j 

6 j^-A (Jet <G I j ^ya jJ I 4-fl La. ^<1 I < <ii L_u <Jl^ O I J 6 J^-fl-a <Jj 1 6 Li I 

J-oVI CfcJ Lj t, fl.11 <j»a j.iVCll ^jLSt u Iu . » , „ < j, i i ll fji\ !j_u»_=JI jxLol ^LolO 

^IjVI t O L-lj^LJ I pljjpuJf < Q »11 1 jjlfr 1 Jj I Lai p l^-A 

u t a^il ^JLfc^a L jJi 4 * yj.u A JjVj <j J-u. ilL <-i I j <3^ 4_i_fl j_lc ^j]l 

: J 15 

<jli (JLoJIa 1 lj 1*1 $ jjjj j^J 

V jJc. J* dlJS ^oVI 

4 tjU > <Jj]ij LuJ 4 a > a -v . l AJI IjU Ojj I 

6J^i <jl JlS 1C. |j r JjUlLa <(jl^ojJI dilj^Lo 

. La La^J j j L." I JjV 

^ u3^ 6J-A Jj-a Jj^.j <jl ^ < ■ ^ ^jl tjljVl GJLj^J 

<Cjljj-iil JjC. £-^.ljj| <j I Vjl Jjl <jiij lj pi l A fi ll <j-a JS J-LC- j-fl «-ulL» 

6 ^Jj L i_n ill JexVI ^7 jL^ <ti \ I 4-jj^ill j^j-aVI 6 jJoj ^fll.J 

6 Jj fl a II uaLaI I ^ISLa^JJ JSI 4 JI <L*j 1 VJ lj <jl^iJI JS ^j-a jk£.jJI <4jV tillj . ^j-ujI 

t <Uk I j j I JI (yjj I uU I ^-o l^laV I jj.^.fl 1 ^ J 

. uiiiOj Lite, lj I^J I till uxuoi (j I ^ a J 


ojjLb p^j 

5 j-Lll .111*1 La jJb J_9-4-u I j i jji dLljJlfll Xi£- 4 _J ^ t Mil yUj-C. p^-Jj (Jjl Jjj 
6 J ^ fl tJj'V *> n J’tA ^yA Lj-i.n-fl j > uil I 1 4,o u^j ^)-Q <J£] Lfij/La S^_5JI 6 JJb .SjjUJI 
6ji L^-Jlj c6jUI 6JJb pLjaill cJjLxxil (iuia. ilLJ <J7jLLtI ^Jl dL £_ 4 Jj a^itl 

^jLi <4 iLa^ I 4iLk] L^jjS (Jj-^JI ^c. ^IvJI Ljjmjj .^jljjjjiI ^£. *“ t» <_iJLl^j 


752 



j^ujj 6 jLl c^l '■ *~ i% ■ jU .jlu V Ujliii 

I ^jui^LiU Jjajj ililj V Jj I^jjIj jJ Ul (jLuuJl ‘ fl ** 1 jjl «UeLaVl 4JjLLJI 

CuS jJ jjJ La LlA ^jI £-51^11 JjSlJj <6iALo v. t'y > 11 ill* iAU c-fl j i ii a aJ I 
Ut Liili iJtjMj) t-iij iiLi.^l jji] iiL^ ^_Lc <jLx$^ lA^j o-oL£j <-u( iAa 
cL»3_jLiJ ^qI v><,,. yi j •XI Mark Abramowicz JjLa <uJj J-^>I 

^jC. ftTt I SjjUaJI S^ill ji. 11 qL 1 1 juuA I 4_i IJJ JLa ^Li_Jj_i_o l^j | 

jjLl <v_JjjJlll f^ySk£. (J-oJLJ 6 ^ 9 -iII 6 -LA ^jl ^yu CjI % i XjuilJI ‘4-aLjJI 4 1.1 juil 11 4 jjL JI 

JJUl ^^Jc. iilJj ijjiU *iJj_^.Vl J^fl) (j*±AJ <Mii ^11 <jAlj_II ^Jl JjljJLj LiL 

La lj iK <^j-cuVI i_11 1 4 ir> i ir>4. ^Jc. J aIa i Jjt Jl IjLAj <^iVl £ya Jj-i* a 

. 4 JLI 1 II 

- - > f 
4-x.j -i u titt.'v (Ih^ 

Ijji dh-iJj < 6 jAiJI 4ajL^jV Cj ■-*» a lj LAjjLco liLjJ *p ji AJI «LCj.uJ <jjl Uta 

La ‘jLJI 4il^j_rJL l 6 Jj-fl ^U i-t-rJ 1 S^^j-o OjJ(j < JjJJjJI J^a LuL^jV 

V iil..i--*.V 1 I -Ur 1 5( -i o J.lij jjI j«A 4-La-X, «Jl^-a t 


<6J^iJJ 6JoC ^-1 A i1 <6j^ill <j-a SX >11 J-lx Jjj Sl> 

Ijjb jjj La. i flj , J1 Li-Ju ^la^ ^j-a c_iu£xij S^>-o JJU ^5 I^J I y*~« V I j_A jj I 
V ^I^Vl Jilj «speed-of-light circle ^S^lj>» <_Jx 3 IL, ^Allj «j_*JI 
jf «-t fl ill ^ *1 flj 4 jl L«l J-f-fl Jj^. (Jixj <jl p ^ 4 A t I £ LjLx uI 

ill JL3.V I Ji I I.A J fl j t (■ 1 » Aft II I JjLc jikli jkJ I *1 ft jjJj 

4-ujt-aJI 4 * 11 fli L$f (JI ixiL^j^Ltl 6jjiJI ^j tiU^L-ol J^5Lu Pj«A 11 4 xj^lu 

4 Lii lI ^j oKj-i a.lf I ^ I \ , i.V I ,jj^la “ «i*l l f j ja 4_Uo‘t <j J y\r 

jlc. |jxi ijj. 6j LV I |jjj 4 - U ^ l l I 6 JLA fl.M 1 o I * i4_LuL. 

I i < LfJ IJ pjj/i! I O 4 j^j I jJ I lZj Ij Li ■■ a II 4 > < ml I * Q , gj i-^l | j .‘j 6 ^j f J 

tjI Aij . LfLklj ^Jl <% n Lojlx L$_aUjI (ju^jlu ^I» t Iji jlt* djjLkll 

(jj lx a all ^ ill* u l I LA II JjLiil s jJbj < a I n<n, ^ » <JJj ^ . AM 

0^- u ^ *° jl *«« A (J-* t - ^^ V| J ^- L 1 'J bjjllxll ZjJ&ll £j{ il l yj .^tia axJLI 

4-jjLlAjJ 4jl^ j-a 4jI JxLLj <6JjLL S^i 4 jI ^j-iLju V *j ■ oL^jji ^jLfll ^.i.a>4j > ^11 
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(2) LA J Cj Kj 1 ( 6 (j | Lu-<aj^ Lo IJ Lfl i CxJ 15* 1 <-C Jj-u Lu < LAjL.^ ^Jc. cj 

<jLi <pj I All ic.j-4-u 5j_jIj Jni ^hAj ^ J£. JJa_» diiA> 4jjjLJI i-QjL5_o 

Lf-|L^J j* iii> (jJj tCuli ‘Lx.j-lm <_>Li In I I dlJj ^-l^- Lflj £-i Jj A i nLaJI ^cjjlj unll 

. SjjUoJI S^ill jl (jjjJL* 
t 

^yL '%. e- L*A-fl.l I jl A v.i.n‘>lL <ic ■ * tl a * <ILJI clLt jj . * i.tJ I ^J-Cj 

<—lj j LJI (j** LfJLflj ,1 j ^ .fl I 4—ujLa* j LLu ^a 

I AAJJ < J-^J! |kijLui_a ^A 11 Ua £_-fl J <-«V ^JLjJLj I ~i ~L > Vj <4 i i AjV I 

jLcull laLA^IJ 5 JjLa I u*H jfcJ<m 

. Lfl^Ual ^jj^JL V ^_fl ciilj £aj <^£jjljJI 

w * 

< 3 ^-o ^«ajVI ‘(sS*^ jl 1 ,tn <JLa. ur^3 

J fl 1 1 n"i I <-j ^^-a-U A i La J*if- <<_ujLaJI SjA £-a SjjLLJI *j) ol I 1 g -ifl ^gji mu 

■ ( ^ \ Li jlj^Jl ^jAjlIu dj-A ^A * 1 g » Kj ^ -A ^J| p^il I ^jq J L^jcLaJjI 

J^UaAjl JjjJ <jufl IJ olija-o aI J ~l~i mm\ <jIa <X.j.A4i i A^jlj ^j-A Ij^jJ-U La I 


4-iSjl I Jaj l^^k. In* <A i i_j l£^l I j 3U. !u ) il LJI d JJb ^Aj < La j [ah a jl I 4 i -v jlJ 

<|jLxl V| oLSj-^Jll V <PJ I All <X.j_ioj a^jl J ij 3 -^ jLcJll ■ jatJbjl ni-s I 

. ia(j <J^a. <£.ju-u LiL cJj^woJ I 1 A.UC J t <_ujLJI 

jjjSj SjjLkJI 6 J-&II (jLd »J < Al I <Xj_uj Uj a J-^lj dlj.^v Hi I <JLk Lf S <j| 

<LjSj 1 I ji 4 Ai a ^c. -U l_fl.-v II <jj|UI I ^-jUJI j-ioJI 6 ^jB ^LiJLj <<-ujl^kll <iLA a 

p Llj | J7 J LUi J jia-J oj I Jj | V Jjj . Jj IjjjjJ I <Lcj-i-u O JI j IaK I 

XcLja J-O-AJ 5JI i an I dll J^Ja_l flilJj 

. f-jyi^xl | 5 ^|j In^ 4 I^J 1 I 

Jj-i-uVl i„>A ill jj| <<L-Uj_c. jj_aU * tj i i ..‘J I ^LcJIaI Jj^ a jjl n^ Ai lILIJ 
JaAj u lL i 11 ^yA 6 jLLI ^yixi t N —{JU <^U.J 1 > jJh ^jSU U-Lilu^l ^jJI J-i.^^ 1 1 

(jl5Lol J-Zk. ^ji\ djIj-JI J ia'i t IjljJ L-oiljj Lx>jl 4jj^a <<JjL 4 .ll <GjjjU. 

£ 

. J^uuV I l_Lfl.ll I j j-ix cJj I ^J-A <JLj 1»V I dJJh << ill LAI <JLlai| liiJ 


SjiJI ^ ^L> UUJ ^ 1 f ,j -*^J ^La. Lr U pt * A Al l jljfj k-ujdj jjJ < a j a -vl I a j_A ^J -k. ~ 

. ^a.^111 — < i »jV I 
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6 JjJaJI Lfl i U S&jLlL c_lQ. ll I (_£-lij \ Jb^ 

t f 

1 4 -J i_fl j ‘L£.^_i_u ^Lfl P^ j ^ 1 4 -C^juu 6^_llj SjLLI j- 1* » ^1 Jj A o J 

^_fl >L I. <<j ' ~ ■> I a jjj I ^J t /\ 4 _lLo_3lJ I *j 4 4_a»j LaJ 6 J^)-Lj OI O -0 ^ Xi *— L ^ *11 ^ ^ 

^jj .(Jo ^11 fli £_fljjj Ijj ‘tjljJ'JI *XC- fl j (jl ^ XJ -fl * 4 -C,J_-LilJ 

t ^ i-lQ * j^JLilLj n*<»H <X^VI ^ Lt-i-T j j ^ic. ^j| Lfl-jL-i .I i ^yj& b Jfl /C <\ I fk C 

■ <\>=Alf UJ J 


pV^J <s '^ (^. u . ^ % i\ Jj -rv.^ 11 p^-jJuII ( j_A I ^n -u j SjjLUl 6J-fl-lI (jSlJj 

p „ 

XiX Sjj 3 ^ Cu-^ i <j_fl (^ <L*.jjj ^-•^..-rkl I ^JlJ^ LflJ jILk.1 4<GXft 1 mi/i ^jjj-oLill 

6j iVn ^ IJ aj joj I ^j-a CUL^ I 11 4 <3^ J j j^-J-C. ^jjJj . <LfljJaj-o J^flV I 

6 I -V > I ^fl 4 J-. "fc Ij 6 LVi I 4 j if < 1 ^,^ j*l—i_flll * W L& “ill Jj_a. 

. J ii“tiill,I 


(9 dJM ii/fj j-oj a+Sja 


aj,_A LLJ I 6XA CmuiJ “iL-iJ jJ-2> o ^^o-J ^>-QjJI ^jL^j_i_u pLLajj ^_fl <jjJ LJ I jjJ <_j I 

. p L. a . 1 J I ^ VI <L»_*_u l^j p^jlaIJ I I Lr^jVI <^JaaJ Li 

^j-Q <5(_LaJI ^j^ia ^j£. ^j-iaJI ^.a-^VI ^L^J^/1 6LLi J>-o Ca^-i^j 

^j-JX^J I ^ Lla IJ±J&A k_l J_=k. 5^5 I <~Jj)L=^n p^ I 

* I I 4jlj P^ I ^>11 ^5Ci\J <6jJh ^Ja_li( ^ (J A 0 ■ ; i I -V » LL L \ ^ I ‘l I Lt * 

lJjlj-*-lu I ^ . <u ( ^J L-Hj Lj < <jj LAI I JI t!^ 4_ftJ | X • • <Lcj-cuj j * ■ “ t ^j-fl-fl < <Lc Lol 

<PJ 1 ^1 1 J. ki ^it ^lll Li .i il ra La^ojj^£J I Cj LwjI I ^jl . I JJ^I ^Jii L <l^ia 

j-A.VIj ^j-fA L^AJ_^| 4 Jj-i-oLaJLa ^ SjLiX. ^ t Jjj. .mx^Lo ^ Loj£ 

4 li 1 ii t rs tZiLk^ll 6J-4 jij ■ | 1 t ^ a t r^A^-o JtJ^J-i L jjjli i^ j . .. i U ( i i n 

i LaJ l^-a-A I ^Xo <xwj-l I ‘U-LOJ ■ \ u a flj JA-JJ I I j_A ^ (A— 0 ) J^-AJ I ^ I J-=*il I 
c j L '•k 1 La I j Lfl i 1 a \ a <^>".1*11 iuj " La’i jj_u iflLpJLI ^ ^ ^ 11 (j|jf LH»j 

(5 jLpuJ ^-i " t a - fl iclL ^xu ^1 ^ a fl 11 ^iaVj IxuoIj 4 * 1 1 - a‘> 
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<LflLL £yk 4 ■ A J jI * i j,^a i < --J I ^Ic Laj. j aLa ^2k^i, I <JjJaJ J 

<Ju('i“i«a CjI »A/i^ 1 I 6 j-A uj t j mu > J[$Ja (£»i pj-mV1 < v i,.>m 1Lj 

uijJU ^jJI 4a_ij Ul I aJJj £JiljJI , 4_C L_J I oL2j£ In i i.nlL < <_n_Lkj_uo cJj-jlA ^_L 

. ^oxo^il i-u LUI L^j 


Wavelength 



Jj-^ a^jVl u^jJ j 


(A- 0 

xjuu Li <. lLo jJ I ‘Ljj 1 til Li i JI i Li j a Hi > 


A11 • • ^j-a pj till j * Li 4 -u LJ I jjiij < <■ il*^V I < j^lftl I Lv Luj t 1-Aj^.^k a 

IjjJu jJLu fJf ]l Jj-L <j£Jj ‘(^ * X^\ ■ yJ* Jj-oU*) J>k 

~v-Q Jj-a. I I jff J 4 £.jjjj 0 ^ Lj i A c_j LlwjV 4 li til I (£ J-o ^Jc I Lfl U 

^jiiLuil ^Jc (jVl «—<JjLJI <jL . £_yj Li.,511 LUi^rila I^Lula C x *& j *^-*-> I 

iL*—ul j —ju jj. iA Vtj ££.ill is* OuLULfl <f\y3 » i<»lI j lAjfc ^I * itJ jj^j 

<£.LJI» ^iaju i ^j_JI >ua1i Lq IJla 4iLlj LlA^j ^ \ ^Y*\Y\ VV• 

oAjVI ^Jc. oLc L. J I Li LS ,U > iAi j I I j ^ t <<-uj^ a A LcL-u ^il^ll ^_i l^j 

UJ^-* cW fi fl* -iLlI Lfrb t 1 nk l { jJA (jAjVl ^j^iOL Jjl L *Aj1 LlUj .Jl 
J;Lfl U > J.J I I J ^ I J <P LaxuJI tli J I L H - I . t jl OiLLa 6jgjiA *C_uLiJI Lfc Li >il I 

.uJJj LI ( J)j'v t jjLa-JI i. fl^iL e-^yjuJ LLa.| o nn I JqjulA ^JC. >*il I 

4^j_^l <LuL Li ^jLu a j \ L i ^jb ^ a.-^.V I <> 4 <i‘>1L I jla lug i Loj 

. pJiAll C)L^ ^yA ( < \\ 1 n < u At lU Luj^ CjLi^a <£.juu If^Ij 
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jJtAA C qX)-* LiJ, I (J llfl < Jj-j-uV I ujJLJI cjjiJL fl ll IJ-A j-Jail <^VIj 
^ ilajpo jJb 1 a ^ .U i j AJL <G[ IjJ-£Ljj <<LcLjl-lL1 JJjj (j 111 J ®J J 

LuSlj-o j\ Lf lc. ^ Ijj Lo ^Jc. <jl ujjf l>^ 5 jIa-mJI ^-a^o_xj cJjj-uj 

dJJjj t La l f * J 1 It*! l 1 1 1 Jjj 4 .lj._U ^J J, ^ j ^ 1jl< uj I I J_A JaA^li JJL-tl 1 ^Jc 

(JjLJI J J_fl_tl ^JJjlJjJI 3» J ^ . Afl n ££j]| ■ |J - t *-*J I j.aaV I 


jjd J. Ill r^J <. 1 uiJ L <_uULII ^Jj-oj ^jJI^ Lil ^ CjljJjjJI (jA 

4 AjcajJL lfl tj.i lfl l^Jt 1 <Li^j-a LT^* ^xQj < 1JI 6^)jJ ofjJjXll JJ-C 

. (-Lu I <£.JJ_UJ ^ > 1 4JJJ-A Lil I ^jxUJLJ 

4 

Jj 'j^Vl ^ *j ^_jLfl ^j^Lcoil <jjuuJL (jilj 

<j-a IjVs a 1 Lo Ijj dUj !^-Ju 5 lj <±J i4-u ^.jLljv. jj < ti 1 ti JjjjJI jkJh Ijl I ^jl 

4 -fl Lta 11 ^ 1 v SII^j-u p^ juoJ I Lfl < -i 1 a i^_c jJ I ^^_t^JUoJ I 6j j ^ (jLui I Ja t fl~J I 

~L*»i> JLJLj 1 ^_L.i Ljjj iji-aj I (3 La.L^I 4 >U«" 

• f-fl^ {j* j-* £ 3 *^ oSjll ax^^*-^ 

b J J-^ Lf^ a^j lj^ua ^jj_o(JlLI jJLla] Lo I jLfl <^ tj ^ ir% i>ra~ill U-° ^ uj 

oL^f (S^ uj-® ‘6^-®^ jl'l f 4^^0 J] j J * 

(j-° (Ja-aJLj J 5 | ^jj^-aLill j ftC OJ^- 1 ‘—^3-^“ I . ^_i^l_oj Lo-a 

jL_a-« uj J a u I 4 *% » 11 tx.jLk I^jG -*» ‘ jJ I JcbO 6^-A LLkfl <^^_j^L_oJj j_ax. 

rtjj-AJ Lfl .^jill OafljGJ I ^ I v~fc ”w t il jJb cJJjJ PjjucJI AI .\a"u uLfl tLh 0 ^! 

* , * 

V L^jLuj! Lm lii ,a j \ ~i<j ^jJI j-A.>^JI .Ml ijjjLLiiilji dljjl 

IjjIj jS 6i 1 /*> 11 jj l dJc. <_i» < /•> Lo I j^5. p l^j_»_uJ I ^Jc. L) -0 ^ (j 

6jJ 4 t ujLaJI OjjI La-Sj 'Ciljj (JJ* jj-LL-a fl^ ll ^jl j ^.\ I Q oLiJll ^c. 

• ,1 1 ^ 1 j^u^k I o Ijj 4 _i l^ 4 c L 11 ^..a > 1 j*j^ I4JLfl < l$-c. I * -^1 1 j >< “a +-j i j > 1 ..t | 

. Jjjjj V J l_ i A J I (j* L P-!nu j it til (j*jl I (j| 

4 Ja-ujj_£ J^_ujVI <_xflill \ ^ "Luil ja 1 jjHa i Lo Ij-Aj 

^j| L^j-oLill j LfLaLi jj| -6j-iLLJI t j-A jy-i-iG J Ij <uflill (jA cjJ-I fll ^ ^Ko 

CjLcL_u 6 SC- jjj^xAj bja * i jj-x_fll^ll ^j^LoJ (J^J \ *t 4Cj^La.j 

^jj^-oLi-U I niU^ k I * r M *i aj Lh° CjLI- 0 jl ^Lui^® 3-^ ^-® I 
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I; V I Lt Jjlj t^jJLAfll^J.1 <-l5k^o ^-Ic. < i—tij I _a 

' ■ ji 

* fi 

J11 a! I ijr* ^j- 0 I J*-il L Jjuxu I LJJI jj-u I j_a I 

lj-A ( _ r Ic J J-i-SLjJI f ^-uuJ I <<jk—1-ulj 4 I__alf- JH1.I ) |_yit Lf ^J_0 <Gllj «(J-*-l*Jl 

* 

<-»J_-o S^ja ^jLfij j^fli ^"i% <*lLx\JI JjLa Jj—«-uI -h ill Sjuj-co jJb 

eft)I X • ^-a I Jaj ^Jc. ^ | < Sj^Jl I <■ LlaILq clliAJ £-2 ^fL& jCLO^a (j i 

jLa-il Jj A * * C>*j j-ull \ % ill I j_A ^Jl Jj-^oj-Lb <<x) iA <ixjj 

. p LAflJ i jjx. n 

p LuAaI))) ^oj-uJ Lo jX j£> jl *k i\ <^cJaJI JLlcJ) jK* 1 ^y* I &j£-& 6jJb 

^j^aJc. —4-uJ I—fl-l I—SjSJI &J-A £j\ (jj— u^xj ^Jjfc t ^Jj r « hyperSpSCG ^ Jof VI 

S £-uJj 
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jujLuiJf 


fQ Wc yf ft in * T( ui^l 


*(jljjjJI i^jS .} LlAxJI l^SII • JLpJ! JLI 7 uu^ 

dtij kfSju^l • 4 “^* 4 /^ aj£<Ji ‘U&*yi jL^lj 

. 2ujkif jLai f^iScV/ ^ L^i// Jk iJUlfy/ 


<_JL14. <1 l« ii^II aI €4..uilr. ij& | L*.Luu Jj \S diklI Lc. j Ij I I 

^JjL^'i.i.ull <c\ 1 % >U jaJju j y ijuuLii oL aLuj-q 4 JUa_i| Lfj Waj 

ijl <n AjLJI i-_fljJtJL 1 ua jI <L»ljJ ^Jc O 1 ^ 4c.j-uj <j-a j-'-uU illj A -JI 

p LAaJ I j*£. 5j i /*>*! "h t, I J^kJI <1 rv Ij 1 iU xxjj ^J u_j La^JJ Qflni) fl-UJ I Aflll 

^ t>L^=»j J&\ jljl fJL*S <Ali j { <hLt.M Jj_^ cili^bU " hyperspace ^UxV I 

U. Lui jjJ S <JU-4aja 4 j ^J-AAlSkJ Lo Ij-L^. I I p | J j 4-OJ (J_A ■ <LlA LL> I <liAi 

ti H ujj-A-i 4 ’l<lj • I <juuIjJ JL^o CuLS <J.a1xI 1 dl ifll^ a <<jL2kVI 

^A ^JaC.V I pLiAaII j-JX- ^J LLLj V I 6j^A ij-* ^ jJ | pI ^jJI LaLaj I»q jlu LjJL 1 
, <ljaL J I <jzxlill ^j-o IxliSj ^!i£l 6jj^-o iku Contact JL-ojI <L»Li$ 


<G| { j!± ^ 6j *\ a!I <1 O-fl lj J_Aj f uttJL^ a 1 * ^ A ^^sxa-jjJI lj_A 

(j Michael Morris f >o jj^ JuIlu i^jj] a I j^ *^jll ^illa ^ j^j_ul «- a K 
mj-a-j ^*jL» I <-a^-aj 11 J j 4 o LLjJ1 LI i-i 7i Ij t i A> I Ulvi Yurts ever 

j-1 ^ j-u ^ i ll ^15 olluLdJI ^ cJ^JI dJj ^ " wormholes 

p L^-ftl I j > f ij L a hV I IJLA JgaJ A . i .igj <L_q Lstl I < ujgul I I CjV J L A A {j I * J 

c ^jjta < t u j | CjVjL*JL jl i t ijjjli-t t i J-oISj-o p j^i jJljJI ^j-A dJj Jjl . j&aJoxll 

Nothan Rosen jj Oh^ t -0 oj Li < * i jj <l.Af. J^LA. < ^ * >uA> j^jLloja] < qiux%I jSj 
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jj Islo j <j"° jUi^ J-Q-3UJ I JjjUJI LlAj 4 Q tfl-vl | ^_fl Jun ,\ Lfljuu <j I 

cjlj jLll f "Einstein - Rosen bridge - ^1 umj j 11 ^>" * 

<jl (jSLIj .^^oLkJI (Jg^> fill 6 Llo JjQ Lo <oVjl_JU<ii) J^JrxIl yA y i “i CjJi%-a 
L -0 I I LA J ^-fl-X.i.u- 1,1 O ^ 4 i S^j-o <\3 *a! I I I y Lx Lui _j "x i 

Cum J J LLJ J ^ 2 )-° L^x-^J V I < j\ kf V I p 1 1 AtiJ I y-l£- 6 jI S\~\ •*•>■ o (J^l^ « J L^X» VI 

. Jj^LJaV I ^Jc. 4 iLaT 4 a iQ <U 

<jL_^_!u pJ_aJI ch*—^ « ^Lk Ik-A J; l j—L-lxijjJJJ <■ Li< ■^b 

6 JjJ fl ~ ^_L t ^LxLxi oilxa . t.. xj 1 ~> 1 Lk-o^-f 4 ■ .. 11 A m Ij^U t 4 .l*\xil I 

if 

Ikj Lo (pLj-liJI I^L=wlj dllk J-*_» ( JIM JI yL. LjLo 6 j^-vC y\ n-i 

£ Lfl-Ijl £_oj <4 jlIL 1I ^~>.i.7ijfcjlj < 4.i.uJ I akjfc £ LL I ^A OcLxu | > Lo ifl » Q 0^ 

4 k 1 ^u-jjj-o 1 ak % \ fl *dJjj LxLL jJ Jjjjj jj I jj_u^ t ^JJUi ljj_=fcj t jjjxiJ I jLxLui 

< 4 iOU4-n ft OJj 4_ljL> iJI OI *lLit | ^ | 4 a 'Q~vi| . ^I o ^J^sJ| c-fljju y lf£ 

I J^o *koj L p Lj, i aJ I Ija ^a . 1 -vj -> jxJ 4k | ^J, I < * I Cuj I La ^jSJj 

^ I . A Q11 yAC. LxXj V L .Ja. ^Jc JLpJI O' CiU jU < ^jl JjjJl ylC, 

<Uako jj -0 JLikj^U <L-JWJJ I <U^LJI ( j-° I ^Jc <Jjl_alL ^J-Aj ^ krVl 

^jLJI ^LAaJI J^Lk CiljluJ I '—fl W Jn kk_J I JjjJ <4 jlxaj Li 4i Laa 

. i ill I 4c,^-ljj 3^ <JL» 4£.^a_llJ 

A 4 _ 3 Lj^J I V_i}Lc 0*1 L (JlkjUM ^jLLLlI I I4JI Jxojj ^jliJ I 4 uill QI.Lij JAj 

< dJI jj] 4 -LUxuJ I jxL 4_J| JxOJJ L I 4yLAU-U^0 4_j| tiJjJ j ^j-O <i l^ill yA ^J-liflJ I 

^iaxkj y 1 o-i j La j uV jn y I jj jJ I 1—>j} a \ \ <iLoL I i>U^Vl oj L^ y ^11 LL jko 

^oVl IXiJj t 4 ^jjaJI j-A l^-LJL ^jjla j>kl I p Laiall i j-° i^ll (JcLill 1 Til I LjL 
4^11 I O-i(^C-o ^1 ^J| O^lj * ULUD w » J . 11 

jL^Lx. 1 ^ q 'Loi < (j^- 1 < -o-® j ol ^ < nVi Vl IkJc. <4_c.j^-Lo 4jflL flj$ CxjJ* 

. SjLL^jUlcSljll ^j-o yu Lu | If! < <JLk Lu-kL^ ^_jLj t ^^Ao r L 


: ^jIa ,ui 4 J jiip 

rLl^ jjljjjJI c-i^Sj <jl ^-L-j jxLJI jcjjL ^a 6 jL| jj-oVI L-° 

, JLfl , <jjL3h4 pljjjuull c_jjL'l I <_Lfl Oik| ^LlI O-fijiI yja J >^1 OJU I tlof jko 4 L^fl n 
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<<Lal*JI oVjIjlL ^jjLUali] J-i-OJ J C. <J-LXI {jA J5| \ ^ ^ Jj 

ijsu fjc. 9 Lf At q] Ludwig Flamm £ji J j* JlfJLc 

JjVl dJi-fll Jjj i ^j-u (£ \ i jcJaj-ttll (jI£aj]I <j-° l O ' 1 fi (jja J 6JjJ 

Hermann Weyl JJj <jLajA Jla_cl LaJ£| L>L£ .at JjS-c. 5 jxl 11 a 

tjjLftjj jfl a o <jVnjA OuLi. Laj-^Lj JjIj (jL^) O i a ,* J I 

J JjjA < CjLlu^JI J OJJUJ « (^iLu^JI <^-Uftl ^ 

c-uA jj Lai < LAj^jju n i gj I iJJj Jc. I i x^ala 1 eT\ A I c O l‘ii i n ft"* I I 

. iLI 1 < 4 .oliAll JjjjJI ^o i uijj cr JJI JLUI 


CjI.A.1,4 aatJ I 4 * l ill fl'iJ I Aa£L J-oV I (Jjl Jj I J-jjJ I ._ I ^A I i ^iillll jk I ft*t A I |jj j5j 

Ij-aJI <_jl*-iL <iaij ^ J-=kJJ I J* 4 oL>jj_!liJV I Jj—o 4_JjVl 


uL (J-a li < jiuiJjj lUu <x I »vVini L ^A li^^i I 4 I i i,ti» i 


^J) (JiAi < «-4jJj i 1.0 6JjJ ui. U i£C-co(j * 11 i 41 i < ^-0-444^ <TUAl I 4-1 Lc. ££jjj 

j 

VI J^-A La 4-JjV I ClLo-jjuj-aJ I <iLi LjSj jj 1 JLoi^l Qj^h ill jifi JLAj . 

(j-ft <fj| JLk-o c-i^uaJ ^A LflL oaj jli oll^LlI <jlj rJjJj v_jJu 

LlJ-ft-J* I ^-Aj ‘ * < ■ >11 tj-a (jj LxJluV ji^V I alA (JlLa Ofl IjJ < ^ 2 kV I I 

6^ 4 t i i J7 Lj-i 4-i 1 ^ ill ^_A ^lllj i Cil fl i III -^11 Sjlfi Lf^ Sjlil g-fc m-j t 

^kl ^ Lo 1 ^j^Jj . 4—o I * 1 1 4 \ t i ..\l | 4 -Lu) Ijj j i ^ fci—fl p.^-ii» Cx^i AjaIc i jjlS-olJI 

4 ~V 4 A CjjLl JA ^^j-aLII J i nfi ll ^jjin u La^^ dlj ^j-a 4-u^5 6j5kfl C*jLS t 

v-J s ^Aj tjl ^>A jkXfilLI j^aaJI kill J jj-fl ijjJJ OdUull I 4_J| Jjuojj LaA t pi \\t t nil I 4 _uiL^. 


• (jlj^SVl JjJJ j » i ail 4lugj jkJAj V 


*- : > ft 1 fl * ^ jjJ-^ 1-C. J wul 5jj t.f\i 4-K itil I —fljj 

dlSJj 4 j5LiJI JjuoIj ^ JiiiJI Ha ^ L. 4 1» *ix~t «> jLij^jLL-ii 

4_^J_^J ^ i«i “t V ^jlll ^ -4 4iV I J-^kl j-a jl t 7\ j JxjlJJI I 1a (j-a Ja-1 (^1 (jl 
^ tjl cr^J ^ iL,a dllA jkj 4_cj-i_u IjLaj cOj ^ i« i j I < La j a A 

^ A * ‘ l ^ ^» (J-*-^ CujSj I 4jJ j 4 “iL^ jii I 6^51^-14-0 j-il «^J-5 aI I 

4 ^ * > ) LT^ 1 >xL~ j~«jLfljJlt ^Ls ^Jj 

CA* *aLIjjjLL- ii jJoa Jl cui-aijl jJ 4JlSJI ^| jL5*jjjLL-£t 4—i-ujlA ^ ^LaJLI 
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LA ^ "»Vl» Jj 4 JSLui^ ijA LftSk * l$J ^L 5 V 6 jiLV fjlc- JoAfl i 

jVjJj (ji tij J \ * > ^jAJ ^ill jaIJ Ij-A <j^(j * ^JssjuJU (jlS-ajll <j-o I 

i^G fj I ilLSLaV I Sj* jJjGj J^jJj yf-lc. SjJaj CuAl I lit I I ^jja c- jsJ VJ 

J^_laJI J-fl ml ^jloLLI^ ^j-ejJI (J -0 ^ *Q Cilln '■J J-iLLj itjI <J^L^ j-ljIj_iJu 

> dllj (j-Q j-i—u . <j_uJL 6j. ±7<ll jlS--ajJI L$J ^-ujjj 4 Jj-Aj— i_ul Ij 

dll j JJU < (jAjliI ( (AQ I At \\ lqj t jl ^jll < <jjJL»IaLa j-l-AJltlJ ^Q I JjjiLi 

‘UIojC. (jjJL.ii.a» a I ul I . ^j-a*l 5j-a ftJJ I (jL^b3*n ill JcLuj 

(jixji ^ji ^m Sjji-A < ^ i Vi jjjjV i (JLuaajVI <ju> ^j-o i uainji 

_ m fi 

^j-o ^j^ u-iVj 6 ja uf. ^j-a pj^- (j-I{JiflTi i «ilI Sjji* JUaAjVI ^Jl 

<J>L=k pjn-ill jjjaj ^cajuiJ V v.tAllLfl . Sjjill jJiLlj CuSjGil 1AJa t 4-uloll 

4j-U JL /o aV I [jj_3ui <ajjLaJI fj\ iajL^lJI iLojaJH j| \ (jgJ^ I Sja JfrJjUj ^| Jj_fl 


. u'jSVI 



< 4 _2k_i_ 


j L uxi V I 


j *j-=*Jj ^3-xj JL i r» V l (N—^ 

l_Ajo-o <£*jrvJ I A laJ ,-lJ I ak^AAiV ( ftLajI 





■ cT^- (V-l JiJi) 
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i (JfLctt-JI {ja <JijUl a <JLa. <j| ^ix. oi^ II Lo-iIj ji oA J (T-l < J^ < ij ) 

a 

■ cr* ^ 



,<JjLJJ ^ 4 \ A , Jj lio^ll ^_yA <a^tOJ dLlA Jjl ^J^jj ( JfLi) 

■ 6^ J-^ f t£ J j J j? * 3 ^ 6 J Lc Jjojj VI Li 
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jjj—o a t l j-U-J Jjj-» (J1 I itill i^j- x j > JI ^ o— 

<jjLUl p^a (jj>«^ r ^£jaI 5j--q j 1 a 1a J n~f\ \ ^jjjJI <, \ ft.llI i ,iini o-fijll 

. ^}AJj5kl I (Jfj Jjj-oil V 4 i ilflt P^iAJ I jj | 4 aj jl 

# " "' . *" * 

jIjSVl JjA-t j^JJlll JajLfl Laj^Lo ^1*J I jjV dUj * jjl-i aaJ^JJ irt^ .n Ijjh JjJ 

^y^AA <i5klJ i^JJlII ~-v *iQ ^yc c-j^jUL i jS * 1 j£ pl..« AaIL-A r Luji^ ^j-o ^lalxo Jj 

& fi' a 

JjjSLlI ^LLlo J 1j< HjjL ^JjlaJLi <1*aj aI (_JTil 1 ^_ya JJLiil ^-L. <S_^j 

^jA y^JilL 1 A U fl l^fc Ui nn (jijSJI Oj V ^’i . »! . ("V—'A 

(j i "i all V ft \ r, < - tfl I J>n i ^ V—A AAl-fl 

^Jc. j<_ vA ill ^aj <jLulI j^jLj Jajj Vj . LoL&j ^jaILu^Ia 

>> > j(juV I L»j IfLo^jI ja.^_fiLaj 4 aJIaIL fi < I ^Jftl1 Lac. ^.UiaiII p Li AaJ I 

. LJj I L j-L > U Q \J | ^yjLX I j I AiA A LSj^Jq O \ Q^ At 4_lAAill I <J I ‘ 'jQ^J I <J | 



J-fl-A < Ia^"i fl<a (jjJjjil t^-jA-J1 pLljliiiV jIaj| I ^ —'X 

.Jjjjill Jic. Jlili^U <Lluj 
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y * 


^ II *u* ^ I (V-l J^) 

• J>I ^ jlj 

tL^.lj <jtAill jJ. jlii» ^J ^ ioj-aJl 6 j^j <_iirJI (ji ^JiVI 

I ^_ya «t-uLill <J*L.:JL 1 £-\ V>j i ^j-o Jj r^ JI < jJI 6^-vC. JLil»VI 

^1 ,J-*_=k^Lfl Jqa ^JLi Jjj-uVI jL-IiJ^jj LfliXt >_j fl J ^j5CxJTi ifl > mil dJ^io 
Lo-L-fl < x^JLlI <jL^_j Cj.*-u-J 6 j-A ^jSLIj < <Jl.~s. o V L^j jv 1 U i r*\ Jj1.1-^V I I j-jlJU p^-uIj 
<<-Uj^ <x=k ->7< <jj J.0 > V J-LlIiJjjjL suJu >_lA" fl ( j3kJa£.Vl p l-.A_fll I J-1C. (Jl i *~»~iVL> J)l»~n 

f "* ” ” f ' > f # i ' 

j) <a- jJ I ? O-aj t» lt ^ <^1 1 * >j ^ 4 -j) ^ t>oj * IjLj j o^J 

(_|51 jj^jjlU V lyc 4^-iLfl 6J^iII 4«-u-U Jj p ‘uUj^ 1 

. g-j) i 1 <Lc^jua ^yo 


: i^Jar.yi ^LoiJI j >i u» 

Ll5j i f I p I j$-*-uJI <-_jj-fllJI jj^.j JI Ij.i^ .l^> i ,\ fl*i i i V 

uLAUaCL ^J-O LuJS I JjC jijJJ I ^_1_C- JjLlI) <^l!uo <AP3kJ>-0 i-U 4 ■ h fl >1 (jjS Jj-i-U | 

Jj-oj i <5jjJq La ol oj i <j| j^Joj < cj‘L ilL-u 

I uA J J-aSTLaJL i_fl t Ujill O^JlJ 1 ^ ^J-zv I j I 

'cl>^L*^J Jj*«l ilLsk O-^JLii. I SL& t JJj oj . kilJj^ jj^Sj 

t ^XJLA P L a alj V ‘Lflj^Jo ^.1 ftj t ^jLuj < IJ-A jLjL-U-uuI ^-1 

V Jj I ' (JrJ^ I * La-^j (j . 6j-4 LUJI 6 J^J \ j-L^ui'J I | Jj <JLjJeJ I 6 J-^-i 

. 4axi_ujj I CjV J Luo ^LaXlJj] <Li j^jJ! jljJLI 






jj J j t c jlu I o fl > ^ >j aJ Li K-a^J I |7 1 > A« «-~ij ». fl ) * j 9 

^LujjIj Jaaj -aJ ll i u ui tju&e. ijSJj 1 

ju «JLJI I jut ^jlclJI Heinrich Reissner j iu ti I j idjiil^J jaa • L-a 

<^1 iit/i il 5 j^Joj jl aiA ft { jA 4_ljj^1I cjVL^qJ] <u3lUI <_ujLJI LIU 1 1 im 

. \M A Gunnar Nordstrom jLj-%. (^Aillall 

, jjjlj j5Lt. f 4_mjLU I uil I 4jjj ^ja £^j-AjI I j^-fl (J^ 14ii < I 6j-aj 

f <Llj jL^JJ ‘ al .A" < 4_kllj (J l.^k. a SjAj 6Xoj j IjjJ I t—tAill 4 i% Ju iflLuoj <j| 

JLJ.I jli ( 4 JLJI j_a <JLJIj ^-o 4 _i_^jll) jqLh"» <^-»l <t>li I oll^Jull 

I ajjL 4 -Lo-lIi ■% I si ^jA Vjj OLJul uilll Jjl JjL^a <<UjjLJI (J-aX J-aJU ^Jj^JI 

. JUJL (jolAJI jftl JaJ J ^Jj^ll JUdL jjolA. j^j £jl J^l ^i| ^=kj dill ^jJuj 

Jj 1 U j % \ 1 a ja % L 11 jA ^ jll I (JjljIL IjA 4„ v Hi Loj 

uj% 3 ‘ L fr^j t>> t>G^ < -HhJ 11 iA ja jf x% ± i 3^ F| J* 4 5jj_aiL 

< iioi LUj iS* * Cx9 “* *~‘ A 4fi-o ^j-a JSI j LAJI JiV I jka v flu-il 

41% itill cj- 1 ^ 6 Jj_iiI jjC JjuI ^X5 < ^- Lfl < 4 _lj^_SJI 41-% «»ll JI jJLa j-a ^jQll jiaJ 

f^jL-LiLftjj Lq^-jLs 1 Ulj < i> » ia 1 d*t»v ^.H oll£ jl < I j ill 4 _l% ll . ^jiX 

# i ^ ^ I 

4 iu-UA ^Lfl dll j ^-o_j . 1 _ IaX ~> o jjx I J_A cJ^J * 4 jjLc 6Jj_ftII clijUIil 

fi , 

IjJ I-I <i_a <iiUj ^.L^Vlj t i fl^J tjl^a 1 j ifl Jxk^j V pj[j « ' ^' 1 ^Jl5 1 —jA<.h i 1^ 

^ ^ 

■ 4.u.tj\<ll << n_\ l-vH i^fLo llkii <fLft-a i l^jfc 6 J^LaljUAi ^Jj t l^_JI 4 vl% i ^jl 6 J^&II ^ja Ij^ma.% 

j^JlX. 4-l| <(jj %, itill c-iA^ll ■ Alkali <_i | J_i VI Jiuaj V I jjb ^*i % 

»iUU 4 %11 >j t jljjVl tjVjl i*it g Lf^flll ^li jliti^j^l a.*u ■ _ I j_^V I i 

Jf *I ^-o Lijuj Ij iilj% l~i p 1 1 A ftl I 4lnfll 6 JjA aII ^j- 1^J I in%J I J.jjS-» V 

/j_L2». J . l^-Lfi jJ I ^jA ^i_o <J La JjjSj V ^j-aj «4 la^Li p 1«Afll I SLa-i LiAa | Ur\%. 

f ft 

i— 8 ^j lu jl^jSLI L_iIj Lu i^i il ( ^ 3 j iti jjij j — j lm J 1 ^ 4— uj JjA ilj^Vl ^-fl 1 ^iJU 

t (A-l J5 Ll) Lu-u|j 6 JjLfiil ^jjSJI JaalI Jj •' Q f^LJI j^Vl j >« » cj-*^ 

4_Cjj_u ^j-o Li l£j aJLa < 6 J^fll I I l * jA III ^IVL-all *' 4J L^J I 6 lA 

I S ^>-0 I J-%.V I | J > t ll jjjJL-UUj ^ Ij t C-J.A S *} 1 

^-ix, I JLJLI 1,^%iflj < jlj^Vl ^jaj cjIjjVI jk 4_ua 4_xj jLJ I JjUj; ^nJI oajII 
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S jjjJI ^iLtii-oll tjS-aj *7 j| < L»jL^ Jljf 6L=kHVI < i u» <jS7$ , Lff-c.i jm - A 

SjLc LfJ] jLiu t JjliajJf <Lki* ^i] AAJun <Jla-a V J4-A t pU iii J A 

cJj ^ ‘ill < i j ^j-ft f ^r J*1 i <i1 L|}jIj 


. Pj^^J I 4£.j^UJ ^j-G ^^ujuUi 


jj-o tkj,i SLm AdJu f (A"! ^Jj ^Jal)l JlcJ < luxflJ I <-jL^j lift ^ - ia . 

' * 

SjLc <JaJj-i/1 aift ^ic. ^Jis-4 < ^jL^jV JJ-jJ t. Jn» a t aILla iolI 

<iutlU ^lj£Yf JLg .paper doll topology" hijj]l ^lyJI L^jljjjla 1 

. —*\ 4 _»l^j yL q Liu ^^uj/jJU 



^Ji { ^ ‘ L^j 4^ J>uu1 ^irJ ituji. (A-^ JS-uL) 

<jLa tCt-cul^) Cj^~i-coi jJa SjLc Sax- 

. ji.V Ij JiUllj l^u - t iLaJ 
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(JauIj-JlII (j-a 4_U L W A > U“° *L .y A ,«fc A <JlLxj (Ji-i-L^ 

. tfjuli <ijLi»lo 4_uijjJI 

J^xjj V 4 j f IjjiiJl c-jjjiaJ I ijoa. jjilj ( I L {ja Ijjb <Ji 

uLa>* u] ^ 0 -*^ c#^ j ^ ^ »j u-°^l up ‘Lj^i ^ 

t _lA J I Up ‘ iA^l 1 C C^_5 t ^j^-wtll I ui ill >.U.U CjI^-uG ^y Lx * 

fi fi z } 

i_jLpVI L^U ( {jc. Ijjju ^J^IjJI alj^Vl ^flLi jjj i LAjI <_ujLJI jiiAi 

6 Jj^wj-Q SjljjJI cJ^jfljJI ^jU t lilt I U^ I u'j^ 1 f*L| 

Jj < 4 t Cuii J Sj^iJ»I < I4J j-uuj 4 x^-\ 1 ia-v j)jjJI <_j 5 ill 1 L^ t (Jt aJL 

jxjJLi <j I jj < <.t 1 .1 "fc-i Lo 1(1 l^k I JlJ (jtoJUj < L$ e _ rw "> flj | ^eL t o il < Lal"^ 

j fl,i aiII <..fl* gJ| J-^j 3 Lo t_j^5l I j-A I A >Uaj 

. 5jijiJI iiJjjJI J^La. jGill 


: jfj-S'Jfl J-^9 

jlc *1 ^SUaJl 6^i ^La_i_il jJlLe jl^jjJI i-JLill j^J^ljJI lLi IJ-^ V1 (Jj-® I ^ra m 

j) 1 11 A » Lo ^J-Aj * (_ufl.t (J^x ligajJ 1 tji jti I j_A ■ LflP J_flj t ^jL.ila.fll I JjjJ e- lj).ii.uV 1 

i J LjuV I Jj [ eJL-r, «7i 11 (^.1 AjJ I J Ljl-o Gjuu I ^j-lJ I 6 jl I 

<i LuaL a 4 ml < \ ^ *\T ^ Lc *CiJ J (juo ^ I J^_x_o_lS till jJ j < <J^ a 1 ■ 1 LI Lj 

^Jl IjjJjLl-O l^ol llAi I ^^1 ^.-TkJi. gj I jJjLj L-^j Q^. jjLO I ( 1 

\ 0 ^lx, i>u ^j»-eLk Erza N©wman jjLo^jj IjjI jJaaJI Ij^_» ^Li ji^ < 
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<jljj cs^lj ~ cM* ^ c.ii^a j j 

^Jc. <J -.a -v“ rj^ll Ijjb Ij q ^jL_uj 4.1 -% i til I cajl ^ j Lo IjLi . 

s 

(J < *">■•% i t IjjLuo 4-^fl Q<.^J Lo 1 jjj * joe. jljd) t- fc filf (Ja 

i UP LxA I afl jJL. JUOJ I dj l I ' --iA ? lU jkjjj-lijjJ4-j \ l.u j lJ Jc, 

j^Lojjj— ‘uJ~* f tl^LioJI ^^SlU jLj/^jLLi. fjs± Jfc Ji.tfL'ij I jA j^all 
‘Gj^lxJI j <^£1^1I *p I Jj^t-uJ I * .Ja"* 11 a jj.< n Ji, I LaaII <Lfl (j <uAa t t j-if i itii t] CjV J (jlL 

JiJI Jaaj Jj-A tf- 1Jj i nil £^UI ^ Jc. I-Lljg £a ^£.j-i-*»J 

l-jJ-HJI ^jl Lii '■kj < fi I-cu 11 u-tJ-UI jjri l r> -L 2 J-fiVI Jc « J La — aU ^jjL fl ill 

c-»j fl * (1 L-flJ-^ <Lak Lit I t_u ^ UVI ^Jc j^jj c-jj «^u.fl f ( aJ-oX. a jj mu j_i_C. tijAjwl I 

. ijjA-Jxll j_ic, Sj^JI 


<£l~h a j Lull i a^y jjilLj Luaf^lJI <j^jib . <uiLJI ©jj-all < Vjl 

Jjbl <j-a oLII I j-aL*_JJ I J<i J Ljl j-aLiil ^j-Hi V kti-L^k. 

(jLi «dLj t^L-flJ <j| J j % . aj j . SjjiLI <aJLl*^a £j£dJ! Jjjal I <J}Ll. 6j-kIiL-jO (J-cciIjj ^u» <L)LLxa| 

^ajjLaII SjB iiLujjll ujj^a (J-i^aL^ <jj oVjIjlLI ■ t—tflC- ^Jc. Lculj «- Jfl 11 ^xiLxJJ 
<bjLc. *LajjLdJI {jU ijij ^kj-jJ ijl (jiajj . l—JLioi Ij I J-La ^xJLjlII lift 

* ^ ^ 1 . Uf. l ^AAj. y u J I jj-lc- (_^uJ j-a) f cJLuJI p Li, n fill < LaLu 

^_A ^J-jLJl J-Aj t j^kV 1 J1 A~ I rw V i ^JjL JjSjIU c-U-*uJI li^J j 

• j^-uI V ^ k_jiiJI J.A*_ifl V ^ilij S^il j^Liil < ^JLJI 


^lll oVjL«_oii < a iiu JL jA La tJLlA ^jilj i jjj-aIJI jjJc ^jxiLi 

1>*I J lU=±S <iLJI ^ tfjii j^Uili ( <ju&juU ijjjLJI {jC, ^jJaTu 

K 

^JL5 U^j Lxx^jLo <j-u fl \ Jjjkj yui^lla JJU Jj-mjVI c aAaJI 'j?L ja 

4_ulia| j^J-C. J" o \» jLal^Vl IjJt ^La| <i% \ ila'JI p L^JLill <La-abjll 

^ * mJlA LjjftLkii La^ Ja-LxjjL ^LUI <_jj» ^jjl L yAli ^\ ^j^. ^J| 

JLIIo^ll Jj L &* -* ^ ^ L fv A ^ I fl . ( \ • —*\ ^>JU A i UJ |j 

Lac. Uj j jk' il JllA d I^i fl fci J ^r t J <L^_UJ Loj ^j^J ( jSJj i JjVl djjjli-a "Ja-S" 

. .il . I <G j 
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<_ J i ll jj.i I 4-J Lt l-l l 4 jljjJ JjAJ | t _ l) • — *\ 

f w f- * 

. a< ij_A Cj^-^.j — | . <_J LJI <_ujL=JI «l_LflLu<a| Ijj-oIc. a iiai ‘*1x3 ^ * ull 

. 4c_ftxtt.o —c-* 

1 ■ A-fl I J^LLli oV 4_i_flLS 4i"fr. i mi mi n <. t fl1 <J^_fl liilj I fl < 4^11 j £-oj 

4jLfll!£ jfjjil ulJJ 1 uAaJ < <jjlc. 6 J^iJLI LuLfiZiA <I Jiv.VI 

I K it* ^lx. <JLJI a A-A 6Jj-ill Jio!l (jSJj 4 43 Jj iuo L^JL-a 4 *11 -1 «v f JSl^U ^jJsui 

(jjhfjla ^T- Jjlj f^A l^_Aflljj tjl Jj < FjJ.1 jiLuioJ ^jl L^LLo 

I I *v !■**! Ljiujj 
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aa-u jji) 4 aIa! ) ^-fl-i-ol L> (. AJ ijV I ^Li 

L$-£ t 4-Jo 1 Hi >11 ^Jfl i» Lc. <J LaJ ) 6 A-$J J^xLj . CUJ I i fl U—S k. I v^Lic 

( ^ \ —"\ (j5L*Iu^ Lo£ < 4 Lflj-J | 5 Jjil j l..ftfl."lj.l < i^J (-UJ Ij C-W2h^0 I A ft 1 

j! (J^ 4 -IslAi 4_i| 6j^-iil £ya e-i^.1 A.i Jjf fj-xLI <^o <J L^j I 6 jjfc <jj \ \ n t 

J ft -i - x<sJ L Jj-*j ^ * 4__u«-tilia 4 jLijJo ^il L$_I}L^ J^ T kJLJj * I I e Lun il f 

^ 6J^ 6Jji-fl <jl . <U dtjjU-o J-Ai (jSJ$ fJjVl <lLliL 

j] ^Lo f ch°j (51 1 * l—^ fill 4iiA 1 <j| <jVl cLl*j>U> 4-Ua j <jus ^ ft -t I Jl 

* fi ^ 

^jjl i-’fc i/^ll Jj ^LJI ^L^VI i S^C. Uflfl f La. La t—i$-uj <(J aaLuu n j)J j^-«aLx 


■ aj-i- rJ 1 <Lc-^l-u ^jja 4c._)juu jAaaiU jIjJojl^VI <jijj dJj ajjj 


t 6 



(\\ -*\ JAa) 

( _ f -A 6>±A O * “ ^ 1 (J^tj *4-Lh.^JI J^UL j-a. * II ^ A "Jl l <t -Lix-1 oj-aj x£ ^ t-LJL 

o* ^**-6-1$ *£>*5^ j fl * « iH JaaJL ^cj_lj <.u.A4iiH oVjLlaa « <_u,uLcuVi 4 Ua~i1 1 

djjL V jl t> ( j L ^uL^aJI 

<J j»l H I 4_Cj-4_JL Jj-i-j 4JI {ja ^yiA ‘Lj) J-A *\y*l\ ^jLfl 4 \'\ gl 

.<Sljax| I t j4^l^’ill 

jVl 

<-Lbj 3]I <u_xiL <kj^iJI 6jj6 LwjIa ^1 .jS ■ 'fl-1 LqLjJI 

' (^ *. r jL>) (^1 I x&aj 4 c-JLuJI JjjiJI JjaLaJuja < ^j j 1 .^. y* . ... ^ 
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Loi Lfl j, 1 -v jvdC. <±Uj Jd-J <4 lA 1~J 1 6 Jjfl fill <fLoII O Ip^-llJ I t iil^j j-o ^SJJ 

- 4 > La il l lj ^flJU 


4_lit i 4-J I 4—Li jL_2kJ I ^jC. JjL^-JI £-o 1 «Cl Li 1 in .-*} 1 6 dfl-J 1 fl ill ir>4J I 

< LfcJ^JJ L*Lfl Ljj-ftl I L-ijJU ^ll I j*l^_a*Vl <jl <c_J LlaJ I <3-0^1 ^LiLLqj 

j A 1.0.11 J^-fllL jw t n ^ ill £> LiduV 4 QI Ui I CiLjjLq L^_l I J fll 1.1 I 6J IJji I pljj-juuJI 

Cj( fl ila IS-k d=w^J J-A S dlJj ^*y^yLi (. fli^fl < (_£^=k| jjJI j\ kf V I p LA fl.ll J^Lk. 

ijj i fl 1,1 a S(ajj ji mfl*i t -ft fl-a) < 4-iL^Ji V Lo ^Jj ^jAfl ill I fl <Afl i jLu Cj lll^-o^J I 
^j-o p^-=k ^-A O Lfl. ikJ 1 6dA (J^ ^j\ I 4_o L*J I 4 > > i i» ill Q V J La_-a ^ I i xjj j^-fl 1 i A 1 1 

<^Ja£.VI p L A_fll I jLllo Lj-U O^yL^VI 4^1 A. < jljjil i_iA.il I 4_iA J fl-i ^jJlj i Llj^ 

# i 

LUl ^-u i Jj-ojV I il Lfl ( p I J^juoJ I cjj) fl il I ^jC. Lflj 1 i it LflJl^jdL I 6j|j) i 1 

* F * * 2 ■* 

Lcj I I ^iaL l o ^JI I j ^ fl ii Lo dLo f 6 di ^iC. Cj I j^Q Jj i 6 d^k I_j 6^o (^i-J < P 1 1 Afll I 

< III^j_A ^ \ • -*\ j£LC-i) 4-1.1. J.L£ <L»J dfl-i 4JLo I I Lfl < | 

ill Llj^-fl LT^ ^ J-* t J ^ 6 j-A ^j| . (j*Lc ^jJ ^Xfl-J jl^ ^Lc. Jj-fl 

t f 

V1 I \ ^V * ^.Lc. oL 1 1n Tk o-o j 5 ~k Lo | ^LujL Ip UkJI (_j| 

6 J A OI J^-fl-oj OI J-=». I 1 i 2h° 4 *jt-w * La_j ^^JUfl I ji ( 11 4 i fl > I <LuJ L^J I ^Li 

V J; I dldl I «—(J I J-i-U c Lf-lfl P^-fcll ^ I ^-OJ ^ ( Jifl jxJAf .V I P L a Afll I Lf i jJ LjlI I 

■ ^ y J^LiJ r jUk fj, 3$ ^ VI 


: c ^ 1 ch 

(2>-i ji I (jj J 1 ^ LijJ I 4 -j I Jj Ofl^-t ^jlj-idil cjj fl *i > 4 flU ill 4 K -i til I 6 j-A 

U“^LajJ J-A <C )-aj-A-QjJI 4 -j^.j |»^JLo Ij-^klj ^1 jd-LJj < P t l A i- J i M>illl l v 5 -p^jj 

^1 oLul 4 fl In Lfl 6jj. -l^j uLa > i nil 4_i I _Li ^tp^-1 j-5 Doglas Eardley 

4 jl jl J JqLa^,| jlua-o dij * Lu^ ^fl d=kjj (jl fli V p 1 iAi ill ^jiill 
(^ tm j 4j^laj ^^ic. olj^II 4ifltU p^a-uII jAflJ ^fllnirt ^-linfl*i Q-k’i ^j-o JoLouuJI 

, ( )l^l£. * _ i lUSh <■ fl ifc 4 -^.jjJ <cjLk£,VI dull [±1 Q mf. 1 <ot i n i it) I ^fl O-Lifljj-uJ I p in lfl 11 

. Whit holss * LaL&j ij\a j-oi j 4 j < <+....i 
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Jj ^ 1 1 Ol i i“n.u 11 p 1 IA i vJ 1 p L^.I |*-ALcu ^j-a j a u ( J-5j 

4 J ikiilll oljUJ^VL <LLaJL I L jJuj . Igor Novikov lJj&ajj 

, u ,^s j_i i -v 1 jaJ -J l <JJj JJj • >>11 a I_j-tliV < i - T k i < /x LI < Jq-lIu V I Jj_ a 

< <£<111 JjLa jl jx«I Ju J ajUl ^j5j < LaaIi <5ll=J/ L^-1 jJj-jj ^jJI <SjjUI 4^ALa~. > 
c_u_J I | J Ll^ I fjc. p LcJxi I j jjS I I <Jp Luj J-flj * ^ i_y* j li- 

OI (j-a V Jj 4j I uijlujj jJaj . Jj-ujV I ^j-a a^-A UaJ I 6 JJfc I ^ jAj i V I 

J.S ajj-ill ^ pIj-^l a* « LikaJ ajj-La J-fl ^o l aj J I jl fl' iVl jja^ T i 

«lagging cores ajil llI 6 jjb j aj 1 <jJ . La li-ilu jl^iWI ^jc. ojiil 

(jj* jjSVIj . ^.jaall alxjulil t ^h 0 La lj ajjj-dl (j uftn JjjSlll ajLa tiua 

ajLa (jja ^-a %'i I ^j^aj < Ujl % l"il (Jj-i fl < jj j_J I dLt <-ijjL=* <jli t dllj 

(J-a-^-a ^_fl * u^li IJ-A . J_*_i 1 a ifl 0J2 JJ oLjj a^LuItl j^aj La ^ljJ-lxJI 

■ jJLHf ajiij ^ LSI L» t.UuJl jjLu IJjJj < J±\ <j t, fli^f ^Ul j li nfllll 


uijilil I 1 a A 11 i a p LaiJ lj p I Jj-a-uJ I ujJlJ 1 ^jL. j u 4 i*il I 


li US 


Vj < ^LjuujVIj ajQI lo i rA .<.u_i ^ll I ( j_a p 1 jj^ j. i JI ^j-fl-Jli . grey hols 4 jjUJI 
I p^j_«jLI aj Vj 4 ^ (jljlxiV a j(JL I tiiiflAi p LlA t JI <. «jfl »1 lj * <1x11 p^juj I ^ *» ^ ^»-» 

Li Lijil c <lo (ifli t I ^ Ll i tjV (j 6 J LaiJ ^jSLoj ^Sk^x. ^ Q L ji I <^£11 La | < < 1 J I l^Jkd L«a t ..t 

a j-A ^jl Vj i ^ 5j-a <JI IjjAJ j»l < <1 ol-L^.V I jji) £yx <\j n A 4-fl l Ai l A ^Jl 

. <J i ll I lj U» 1 a lj < j^i-a ^ju Loj I <j^CJ I jliiI 

J£xJLi f <ij i A 4 \ i.A Lij *LJLi_a j_jic- iJ 11 - i - i, J}- ti d5-^ 1 1 j-A | < a * a -w \ Y—"\ ( J < C / j> uj 

Li*-fl ^liA^/li . jjj-ui k^iSj <tSJI j^ ^^ Cy^y 

<j I j I La I i jkjall I ^cJam u j li* ,J I ^ <Jji I ^^i jLJujjij 1 a^i <iaxu I jj <5 Jj 

^jxaII jt^li JaAfl . (ji*-® >Lj ^j4A j ll JJ <J V IpJ^. 

<fjli-a| laii | Jil « ni l ajjil ijj&Jj < ^Lai <j|jj -iLi/pjlixti "(^jJ-a" 
i >*-i * (T>ij cjl *is-^ Cj^y <1 Ji| Vj * ^j-a-qL all ajji_a V Lr *J Jl 

, loxfllj ( JaI j 01 La Jjj-uVI v, i J I (£>*-« l>a-J <^j-t^_ 5 -all C^IlJ I ^x^liail Jj-u 


(^«ill jjHaJI * Martin rees c/-ijLa jz^jLi <_jL^ iiUj p j 

Cosmic Coincidence i-iii.> i ^« ji j'«» 4 *iJJjJ a*»i I 

Ji f_ L k d/ jLa-ijVI ^ ^LJI ^Lu3VI J*j UJ^II tliy Ajliil Cxa^a jJ (T) 

■ <^ J L«J t i - l ft 1 0“i* 1 Liil dii i ^ _ > U xll jL km iVl AJ^ia ^J| ^tLaljVI 


7JJ 



* * f M * * 

^ Uiu J_S ^ 14 >, . > {j\ <.i.flLS <Xj-uua j(jJ J /v A J L Jt -llaj 

<" ^ ^ y. 0 

5jji-a J>a Lfl-j-fl <ti4i lljAjl^jJtl ftjlii <j) 1 J . i *-4 

I . i-tAj I ,l£\ jJ I I j_4 ^.Lal CiLij * nc\\ 1 i^yaXi dita-A » (jAuI iqI if\ 

. ^Lauiili <&LlL« 



aj^ia <] (_^*jlaI LijLa^ Cj J^ u (^31( t_i.fl.iiI .^JaLi^yi t_ti mi (\ Y—*t JI u T j) 

CjV Lg*i -y V I t juft ^yi-L • f-y J I jLi^jjl Cy* <JL> ^ 44 La ^-A J-IAjjuJsI Sj^A-a Cua> f <j/»La 
• 4jJ< 4C.lilnA«al <i^Ja J^wjj jvlla i jj c L^vflil ^c. jfli *J1 S^jllil 

olj_)-flil 6-i-A ^j-a-cuJ^ jJ-iiLuuil JjL£V)]l Inlo^fc a J-^ I £-£4 ^jJ I 5 
£>-a -LaAfl ** Li /a ftf I Jaitl L^jVspaCellke" 4-fi/^lJI *LijL_j^A A. t,i_flV ( 

Jkii *aJ^iJJ clit jJa-J ^-^5 <J (JLfl ^gii/ 1 CjUlu ^j-a Uj V (t>L>ll 

jJIaVI £_a^ ^1 a .?,VI illiJ <xA wjJlJxj a" «,u.*o <^-j-oLLI 4-j-o^4 

< (J J ^ JI jijAj Jlj4 V ^j/aJ^ILaf >jA3 (JjL 5 > > Ji - Lh'O^ <jt4 LajIj 

a iLftf J^lA. ^>0 ulftWi^l ) 0JJJ q\ j^jS-cuA ^uollL <jLbuill <^3lil 4-141 ,< A fl Sj jill La I 
A * jaL i LffU qI.ba u*^il f> j-A . 1^-tjiAi ^_A 1 « a ^ iQ > (j I Jjloj JA a j I^Ju r^jSJ^Jb 
. <c^J/ 4uLafi JiSLata aJjAa ^_u-c3aJ ^Li ^aaojA J-klj SL<u ^j( JLJl 

^ i^r>lI ( ^aXi ujiAj ^a A ft-ij^kll JJj ^-iij V j 

.j^LaJjhVL IJ-J J_=k I *» 1 t$t ji J A > V| LoJklj I La 

(timelike <x.^JI 4xLajJ A ulu IjJI S^Jc ^laall jJLj a i>^II 

(J 1 a“i Hi-n 5j^-ia ^-A dJ^iU 6jJb J) 1 < i Li La > ^jl J-iA-i .jljwiiI <_ifl!ill OcvLo-aII 

J^jua^li 4j-a ^ I U 4_i$j^a j ( j-a Jxaj La ,j-A <£.^ll I 4-u-cJ> Oj-» J f 
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Lo Ijl jJ-A ^1 O-l-^h A fj~Q / <<-ljjLaJl I A ti l l <j( tjjJ ' ) Oj^ 

Cj lo I.i.q-ixlI JSJ ^ jjI Lo-fi < jcjS^A 4 lift C ^J-A l^-jl J ic/jiJI <- 1 X 0 j 6 JjJlil O M 

< oVjLl-JJ jjui flj isu_ujL$ (jj tuaLjJI ^A *J c_u& 1 Lo, S > < a^-a S O •% n l ^ll I 

. tf^Vl 3 Ij^V 1 Lo | I Ji.gj t ^jj] I 4-U L lfi 6 J^fl-o £-A 2 kJU LJB^CU 


4 j Ml ujll 4 1 Al l 3I 1( Jj_aJ| Ijm (JSj ji-lAJ <I . I> ? M5 

j^fil -Uc. vljJ_=fcJ CjLlLoX. 3 ft >A ~1 L$J| <4 a J i ^n V 1 <Gjj ju a ^_fl <jc-x^j _4 j-A..il 
o1 1 nil t «6 J a. It a L4I0 j> -J/ j_fij <ol ftj < ii ^Jl 3^ J7 Ijj/ JjlA *» 1 oJiC 6 ll^j 
3 * 1 ^ > I j-A 3 ( Lo Loj 1 I(j (jnijJj • 4 _J LluJ I 4>5 UJI ^ja <J Lk. uiil I 5 A i j L^Ju 1^-5 

3 jH^? ^j-lo ^jlc. \ {j .\y i A Lj 3 U dUj £_oj t <H I j ilj-^Vl j-fl I Jllj <±j>l*kj 3 I 

Juuajj <■ Lo*\J I oLlLjlJI 3J A 1 5 u 3U Ij-A A-fljLa. ^ya 3 ^ I jlj t JaJI J-lLo JjaJI I j_A 

Lj \ i / j_i ^ uiI ^(jSSU 4.J. ii iajJ 1 ii^laoJI 4^-xfij ^jJI ujLJI 

• j-fiVl ^-fi ( J i ^ a fiJ J JjfiJI ^Jxaj ^ ll& ^ A-,vJ <XoLi 

^ia-J L c-.ifi.C- L-u I j i_i Ifl i \ jj [ (j^-o-i <J Li-11 <_a i u La. jyj Lli jj I c-AjX (j I LaSLaJJ 

^Jc < fl- 1 " i ^ <->t ak^ 4j ^A j -Lfi 4_j| <Ic. I Ofij Ijj (jMIj * j^Jjj-JI 4 j jxLfi 1 a i 5 

■ ^ ^ ^ ^ Lh L-u i ^-lc jj-i-a. <p L.A.1 JI cj^fiiii I J1 I 


pj “> jl J (3 4. i t fi 1^1 / <Jj k n LAj^JoJ ^lJI <jj_Aj-aJI 4 Ufiill ^1 

4-fi-oj.o CjVjLa-o jLaicVI j < jv%- >J I lA ajLoU jjAfil^JI AAVI 

£** "^ ^ jL- > fi-»VI i fl i A l jjf-a* JSLiJll a J-A JAo jjJH VJ r ^a,rv\t / 

O^Jj ■ uU-Aj ^-jLAJI ^ <JLL ji ajLo J-=k^i V ^LliLj « "j^jLL <AJ 

* 11 ^ Li a . *jV I <j-u 4 jLj 0-A_^J 4jI ja xm Jfiifi < ^oVI eAtlkt <-Lwji t J ^-i lU 4_t i ,.*ijl-i 
6J-A u l ^_A c fi ai Al l 4- lx fi. t . ^jjSJl JSaj J^lA ol^a-ll j^-li ju»il t—fljAifi jj Jac 
*J - * ^ n o* (j-* Aj_iiu < * A lLj ^ * SjUL >JLuaj t-ij_i_Li jjj. Jl 

^ 1 Lta 4 “Afi 4^kjjJ jaa I A (jjj I [ju J^cuV I ^ i£l / ^ ,. ^ Ul I 

aIjaVI 3^i * ^-fiLL i . c-ifiiiI ^.L (£.11! lAII j jaa | 

^L*-AJI 31 (ILL < j-aV) 11a l io j j Vj < 3^1 ^L^jI <J iii-a. j _5 3 ^; 

Lfl 5 - >-ii_o oUlii <J ojLS 3|j) c.ifi!J1 JA.Ij "k-o 

ajLo JxaILi 3j£l 3>£ ^ ‘ jl -jI cU l-o > fi 3 ^$ < (t>LUl 

• 3° JjLi-j < ifiLLj 
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<£LJ LoLqj LjLcu-q Li_)^LL a, j^.^j ^ Tk -i->VI c_a fl j.ll j j fll 1.1 iwilflll j! 

Jj^y\ JI j^Q 4__u] 4__flJ fi t_flj—(_u < flUaJl^j 6jlll (jL_fl viUj ^^Jcj ‘ Jj—*-uV ( I l 5—Jl 

^^Jc. 6-la. J_lL I 4JSaTi1Ij . £jLLU JJ-ojj (jl ^>Aa.>V I i_il~J I 4Jjla-o £_o j^J-a ‘ (_f-^-jLiJ I 
L^jjJj CuIS i^ua. < p-iLa 11 j l^flW | ^jC. 4 Q(A. 1 1 ( 4j_a.ji, I 6j J-Ji 4-u.aJLs J <*nal1 4jaj 

<jjSJI o I <j-»-> O^J • ^ Jx (£ l * 11 u I 1 fl >S i\ i ^JflLtall <j-o jXxjlxla jig.a..a.^ 4JaLa-a 

uj.1_/vj <jl (jS-oj <^j -a, ill ej-ua ^«fl Ufl fl f<__flUaJI (j-o J_il_A ^S Luo-i| 4j j3kj—Jl 

<jLfl < Llj 1 fl si ^Vl ^LjjVI <jLS I jLfl cp^puli JS . Jh I J-S±s I jjjil JjX >11 

Ji ^ u j . JjjV I j- LjuV I 4 K * ti a ( jJi cjAjluJj <jV 4_cfl IS k_ifl**J I £c_fc 4-5 LLa (j-o 4 _laS j I 
■Ui^j Jojla. ! « blue sheer ^ ^jjjV^ -L^LaJ1» £J-aLLLi 1 a ia ^j-J I 4 IS * tj 11 & jj& 

Jnj. *vj Jy i <i | c_i fl*i ^_fl (j IS-ojJ I p^^-axJ I ^ Ia > <jV ^ oS i Lo <Jj Lfl I 4-5 LLaJ I (j-o 4 j i cjfl. if Li 
<jl Jjj^ajLLuu j^j-o — ^Ljgill —Nick Herbert cj^j^-A ciL ell j (jx LqSj . ^A-nV L 
^ I p L5jij 1^ l^_a ^ aSj La S jLL Ij 4.5LLJ I jy& 4_i_fl j7n % i ^ jJIS L^S 
4.1-yj^a 6j j_t 4 jV 6J-A JyiaJ J 4lift f Jj I oLLuxaJ I j iiTnj . 6 J fl-a ^5 JjIj I uj5j 

.4jjIj 1I c_5l| £y> p jja. ^j- 0 I (jj^ t < <» > ^>1 ^J-JI In<till ^I JjLaJ 

J^Lflj v fl i j_jxll 4_)^-*-txJ I 4 —a_A 1 Y\ n CjVjLjlLI 4_jjL^_j 6 j,j mi ^jVI ^J| 

^jjj L J iol 1 ^^>-0 j-L^SlI IS OLiuLa-jl I 4_1 i^li 1 Jj jiI cj^5j ^ ■^ QJ I>^11 

jJ-ta* ~w,Ti AJ (_^Xa <Jj"k V> I *il|j -(jl^^SV I ^jjj Jl in \*j I J ix> L5 jLc v flfll L^jI JljJ fl -ii i 

fi ^ 5 

, 1-a t~k i^LJI 1 xa l 6^jgiLut ^LJI jfl*lI 4_jIj_i ^_u oLuljJI c.i't11 


• t 


: JaJLtf 

ijSJj * ^jl^Ltxi <_illn.a j'^ J / ) In i tiij ^jl Jjfl J-a.| J-ftjJI IJ^_j {JL 

I J_u ^jl JjA.t-11 Jyc <j Lfl ^j ^j-oj « ^Jj^jj J-aX. Jyc 4 >flU"i ft 6i ini 1 1 A 1 1 cjj^jj 4-^xiiJ I 
, 4 j£. CuA'iaj A^jj- 6 JpLLa. 4 j| ^^-J * u xlLlI) JLiSJI jjJn >1 J^xl <jLj JX f ^jSIj «4j 


c_ift >11 i—*-k.-aJ <jjJLLaI ( &jAl f (^a (2) ^ V a j LuJ! i » I 6j 1 1 ml I i ^ «-v^*ll I ^ ^ 

. “ JjXj-u ^AiiV I 
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«Lfl 1 L <jV ^jl_a(I I 1 <ti i" p Lijj-I I Jqj b^JI d-^(jI Jjd (^H-J 

<-fl-Jj>_LJ I d^jj ^jl I i A ll r 6 Jj AaII Ay l~l I ^l^G^ll pLl^jI jLxLcVI J^.VI ^J| 

^ ^Jj. ^jUJi ^i ^uij isu-i i ^ <ji^i d*^ Lfj ^i 

^o-L»VI «_iA 111 £^jLik f CjLljjIj^iJI 6 J-A O - t ^ r a ^ ~i fl I J fl f S d^-^ "v11 till j j*-u 

^j_a (3“^^ 4 \ ,., “J l_| ^L-fl—I ^jjo <_j "i fl i \j-& yj^yj ( £t_LaL<-u_^a Jj« m V I 

< L^_i j\lm a <.flij.-v.^ La j.^k 1 i ijLxllI ujj 5j a a jl ^<a rt.uill Li_aLL*u ^lu« 
a^ji ^jli-a-0 ^Jc. <JLJI Ljl 9^ ^ -l3 Lf^jj . ^Jiljii (.Jj^illl 4 j I flf Jj-fl 6J-U^ djf 
Lai Jj < < ^iauiX I ^ I J JU d LlI^V I | jJi Lt < I t »t. t A CjV j!j> a_A < 6^-lxiLi 

fi * p 

ljJL>^ 6^ b ^ ^ Jij . 6^ d^ ( j 1 ^ J 1 jr d^" is^ 

<Cli ,(t>l!JI Ld i_y^j sujju i^j l uuV / ^_L i*\ La 1 1 c.Jc. | j-i-^J. I d-°VI 

. l^jlj ^ |J jlj ^ 1^ iajlj^JI <a^A ^ d^.jj <jl d*^=^ Ch« 

: ^ t\ rfrf fLa iJf 4±>j 

<_dj uj-® d^ -^Il^jIj J^. £_* d^^l 

c>J cr^b UJ^ E-A>^ er® u>^- j-ii—o >_la " i *—s^_x^=u ^ lr - ■ i ^ \ i 0 VI 

LT*i d>^jJI ^Lllll cU^ d>^f <jl 

^IjjjJI i-flL-L-ol d- ^ Jjl ^xjL^ Ji A I 7k V Lfl <—AJ ^oj r6j^J-o d^JJ ^ Cj Lcu I j JI <jSk]j 

4 j\j J ft ll j>^lU < w nil Li pLflj^JI -leu l^^ll 4K,t. A 1 ,f. W J .oL^Uil ^2)-° I i *J 11 

* , 

LiAil j—LL j ^jllj ^1 ^ IJI ilj^.Vl j—fil (\^AA d^-5 

^ >_ i " k ^ a«L^l 4 >°J «Cauchy horizon J^|» 

Lf^ ^ OJ^ d jS’imt l jiVl dllj diX. »»k5lj-a 

^1 IjLa d d^ t n n *1 L^d LT?*jL=^l U^J ' OjJfljll JjXaJll 

? SjSJI jeJiXi-ui ( JjdSk, ^Ij (J^lj < Jjda-o <GJ 

*L£j Filcity Mellor J^jiya iS l^Ak L^LlJ JL^i^VI IIa 

^jll Paul Davis J>jj ^$>^1 JjLuJI jLl^Vl Ian Moss 0^0^° OM (J -0 ^ I ft r 

ail . LJIjIujL jJj] o^U. ^ jiUll <j >1^1 ^lj J^l^u ^ ljLLu.| l^JiSj 
<IuuSlA i r JLil ‘Ua.LucJll 4 jj jdll l i jaIII ^uoLjil L i 
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J-oLaJJI tlr I 6 jLuu 4 ifx^I Jj-flI <jIA i <J i i j lALa <jji 

. Liu | (£j^l 4>n wn"fc £jL3ll Q*ia^A3 Lai . ^3ji t_.ifl3.Ll ^jLul ! iJx^l I 

9 

L^Luii <jVj(jl-o 4 a . ^=k1 ^jJI Jjj^J I J< -y > ^ ^vl jjli «.tjj i\ 4 m i Aj ^ jj I CxJ(AlLi ‘LiljLA-a 

^uiaJI *—Jj f^^j-jJI lx-$J JA-Xj jJ 6JjJ_aJI 43jj i.o OjLAII Ix-A Jjiij 

5j j_i-oil iLaj-ill LxjjLJI {_y* ^£.^11 ^-l^- a 33 (j! ^ < La Leu 

> 

La. i AJI (j-o £^ji UL5^ I ^ -a..c ^j-o 6^*\ il I S^3-flJ I tilt 4-fl La. J-aJLi ^ fl-fl , 4—JjVI 
6jXll 6 l^iJ CJJ—fll jX ^ 'S. {j—A J ft‘n <jl J—JjJI ^ mAiU t f axil jXjLflJJ 

1 LAj L ^3 «*4 —Lj LIL] I £ j ^ inf, Ojj_fl LJJj-^ 6 ^-cu ^ ^ 


P X ^ m 9 

1^jfc *<( inflation aa a^-JI» 4_L^j_a_i j^-j_uJI jx-a_JI I \ a < l!-^ ^_ a ^a i.h 

oLL-ujzJ) 6jLc.j lal^l £C_Ajuo|j . jXJ-tajJI jl ^ gj^U (j-JuJLJI p Lalxll ^_fl 1 1 » uLtqj f 
tjji-i Q 1 jj> jaj II 6X4 JA-a Cu lAJI 1x4 £-a 4_i JjXl I l-jjJLIJL 4_5Jjl1LI 

(_£j p LA fl 4. il f f^r U< ill ( Jj-a Llj^A Sjjij-a 6 jLa ^$3 -x > V ££.i)l * i aAaII 

l fli aL p lWiI I A*i^k\o Jlj-A ^La <313 jjtLa^il <t t *i\lL 43i VI <d© Sitter space" j3 1 >u 

^j-a A j ft i H ^>a \ 4 util ^ lia^l li , 4 i u. fl‘t jj-L J^U3VI i j-a 435 -oj 

JlixJI (SJ^i i)\ 6X4 ^ 43 ] ^j-aj j-L-a JaJ Xflj t (jjSJI 

6X4 j|j tJlixjj p (x A fl ^Jl 6j-u$ 4-a.jXi 11 1 ^LLLoj 4 I <^iQ > w> cljj_i_u]l I ^j-o 

C-K^ LT*J < > 1 1 1 OJjJ c-i>£l < 5 d>k 6 ^ ^ U 1 (olsx-ii 3 I) uS-aJ 

P^>il j_flLuu ^jlj I <JXa_3-a 4 ^1 jj| L»jLc. 6J^il JSai ^L^Vi 

. >xV (j t-3aj 


ol^L3ll 4-fl 1 1 o j a u Ja.i 11 Iju4 jijJ Jj >1 4.t auLuuV I 4_a 4 L nl, I o3(^j 

I O Ij-ljOJ I til Li jLu c oLliJI 1.1 nil 4-1 (Xi j-l ft 'v ^J^_» ^3 ^j_A ^>_lj 1 a^o 4 > ^ 11 

JjL*i3ll Jjia ^jl ^aj.klil l ^jl£j .pIj^uII V j£JI xI^Laj ^Jc. jjiaA. ^5j I^J JjjSj 
^ 1-4x3.1 jflJj ^ U^b .4 jJjxII MjXiJI 3^*-* ol 

jjJ j t-jijJ I (Jj^i I j^j aI ^3 . a j ^ 4 (i^L a UlJ-^Au-a Jj-^u I j LlIc V I 

5LLUI 4jjjxll 1 — 134 AII ^jljt3-aa ^3 j^ 1I exDI Vj 4 > /XU oI^jSl 3JI V 431 Lai < ^3] 

• 6^» f^ o* o^; Jb^ jlj o^ x>^ 
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64 j p IJ yuuj t 4 _ljl_laJoJ I t^ y "* - 1 L1. /1 -k I Li |^ 1 a_uo I I SJb 

j \ -w q. \ 1 I J^Lfll \<il l ^ J\ < jxj.^1 aL-pLu J1j 

aUa ^Li < SjIjaJI - , j s ^ uLIa A t 01 o l j O^-qI ^ ^k *JI 

. ll»j^ ^a-vT* {Js n_> p l^V I p 1 «Aftl l oV 1 > 1 Jjl i 


: jfAJjJI t-i^JLj 4 tit 1 * ft 


jj I . L^J I a Li^ I I I AjaI I cj_$JL» (ju A /i ^-L- 1 — >/^ a 4 cj La_A 

jL ilL I JjLfl ^jLL Oiaj Lo <jL^ La-^a <jI £j-A-flj CjLLi_u_=JI Ui u> l 


L> " 


fl-LAaJ 


^> >1 1 <jIjj jjJ] <^ajj ui ( a >^ <ijL^_o ji) > T >fl i ll yc. <j£j1 

oL^il ^ La-i-tiV I ^ujSj 4 j Ur ^jc. jjL^-lII j-o 4 j! <^-a < K i t , 1 1 jjl . jlJI 

i_j * ii “i*S > ^ ... ^ (£\ J^Lfl t Jjjj I UajL^. £>Aj-fl-U AaC. <u£j^l 1 I 4 _uj_i^a 1 I j| 4 _jj_ij|jJI 

CiLk^i ^.<mu I jrc. Jjuxi CjIjIja-AI ^Jj t^niu'iH j.i^lru .11 L.fl.tla 1 [fcjLuu 

J i H 

7.\ll oL^Li <3* p 1 <A all oLa^ll 6 ±* . gravitational waves < ma ^11 

# # , 

j A "l < 1 Lq-O t L-Uj^lLo l^_l_ll_A LiljLutX l ^ A fl Lta ^_SJ, n ml LcuO ( CjLpAjLJI 

4 _if^j>l 1 ( ^_L. <-a Jfl"tL 1 ^jLJI CjL^j-Afl ■ <a li-oil 1 4 _i j U 1 1 ( 4.5 J ^Jf. V I ^J i ^J-Jj I 

<_Ll^_ii f 6 J^aII L^_J I J-A-fl I Jac 4 _uL^_aV • A"l“l ^_fl^jLXI l t_tAil 1 I4JJ 

L^JiU < 4 itj tU JjljjJ Oi^kj ^ ^■A.Ck-fl t 4 -i^jll ^ La I 1_1 LaJ 1 ^ii-i Lc_i L^Jj^k. 

■ l^-l^L^k. JjL^-» *3 -° o Ij I uUj Lc_i t jI^LaI 6 jili_u-o ^>ac. (jij^A ^jaj-L-u 

4 n 11U C aa ii- i l <G_t^ja cjj) fl il U < dll J p I L^k LJ I^j Jj^kj <5 Lfljjj u^ii 

: 4 ^ 1 ^ JLLlj 1 jj^k I iiUj ^Ji JjIaj ( 4 1 i»j"tfl a jJj *<JjVI ^ Ui I 


t 1 "i i u I il J LaJ. ^u-A-ual I ^_SLi J « 

i L» LcA 4 fl 1 » I k_J Ij L . A I ^JjQ I Jj I , ^ Q~ , A J t r 4 a£Jj 

tfi JJL>^ ^ Jf ^j j 

tj I Lg_il^a| <LikjjJ ijaj,ifi 6j L a LI t -»w i j_ilj . ^^LLVI 
jJ^j_i_l_Ljjl JoJal- ~k -J jV- C k 1 1 1 jLa-^aI 4 ^Jl A^A 
L)1 ^jl **l I tilt t ijjjLjuiJI jJL ^-oi Ia-Aj i ^3^-^ 

■ jJk aJ I (j-lc- 4 ju LHj - 11 ( 1 jj 
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* „ ^ e 

cllj Jl iflVl \ a ifl t 4j| VI liJ juo J,K dllj (jl 4 Lfl’iU ^jSJj 

j-a j^l < negative feedback 4_JLuJI 4 a <L> jJLllI ^.a_< ^ 4 Ja r jjj-la <3^ 

*s 

La La-i t J ( iAj CjLtlj.ta.ua I j 1 ^ ^j£. jljjjil uji"i i ja ti ^jJI CjLiIj tax^-iV I <Jljj 

^1 positive feedback iajLajVI 0.^1 jll ijjjLJI 4-iLr. ^ SJ-ajJI aIa . l$J 

* * 

^ji\ 4 j a yj£ ua dljj < I ^ f. Lj as* (uJlH"^) Oj * 11 jJ^a jJ-uaj (j- 4 ^ I (? aTLj 


OJ a^II -L-flV 1 ^JallL 6 ,J_fl | j Lfl <JLaJI 6J_4 ^ I^ Qj t n\ I JL2V 

Cijj-all -LaV lailLlI <CjJ-l aI I ji^La 6 j ^ a <^jjja^JV I j-uilll j Lfl'V 

jJ jjirfVi ,eL a^All 6j^ii (j«LJI 0 .aAj jl ^JJ 4 -lLojJI <6j S\a ^Ijj jsu j 

LaLoj fljLiAA 4-aj-A jJ-loj ^jxaJ La^Aj-XA j ^jjjj^JVI j_a_^aJ I j I *k j I 

^g-yj ll Ij Jci—fiV-l I 6j —JujJiJI A l jJu A liac j| < 4 La~Ji 1 

ajj » 1 ^ggg j I 4-^a, lill I SjL-aaJI cLtl a-j jjL.it I * . jAi i jj| Lfl. *A> i 

. 4_iJjjJI J) JjLa j J J_ua LfLj-i < 4 xj jLaJ I oLajl LaLaj a J1 < A.a CiljJjJ La 


^LijjJa Jgj-fl J^aj J-SJ ^Jli (jj oi* U“° U^j 

jl j-o V Jg-fl . pljjj_uJI ^jjljJI jLxtu j a. ^ lift 4 Jr j-j J La LaLaj g-ftlLaJj 

4_j_ii jl jjA-iLi^ if- [a i «J I ^aJj-aJ j-Q j \ tn l La cti "k i ^Jh t vl <j I J_J I 4 La t 
IjjLc f jj i i 11 JjlJa ^ JjJ l jla. 1~> < iuj tA I J-* 

< 4 AtiJ ^ li 6 jjb j « (J iK ajlil j 4i LtaJ I JlixLl ^j-o 1 ti ^ I iijJti CjVjLlLL 

* * * * 

JLa-A . .jILl I jL^ Jiil t Ixyr. lj_o| <JI La j I .l^wj i u*i 

( > 

. cJLJI La iolI ji f 5jjLLil 5jilI jj-Q Lcj-» glli 


JXaj JaL&aJI jJbj VI CajLjJI ^L a I iJ I 4_iJLLu La <o dlj JJjJj 

J^LaJli < VLa. JjJ-QV I jj-ij 4 _LjIj]I I 4_La.lj-a 

. *■ * * f # 

iflLL j-* ^J-S| LaILuj LLa-^ (JujLaj J\ j_A I " a - ^ JjJ c-a^*i Lt-a ^ll ^11 

Jj I ^ ^6 JjLL Sj-fl (^aI 6j l i* t jl € Jj-i-uVl t-1 fl*i II (JL5^f C^dl J U 4_l~ < yl| 

^ / y- i ^J w Cy 6 ) ^ I 6 JC ^ Ll.uj L jjLaJi . <jlj ^ JjjJ I <_iA*ill <G_u jLa 

. I j^Aa.11 IJ -ln.a ia! I jjjij c-J L-u La-t.j-a j^oVI « ■ i Li > ^ 1 _tjj_a*t jjjj_u 


IfCxu-aj < 5 jL>a a cujL Ctaijl^i jiaj^li Li^a cu.^ji ,l2j « antigravity i j ■ ^1L 0) 

Iflj-Lo t I^ lajLa* ^jl J*aA» ^j-aj < Lailjj ^aia i t ^ck-aLc lLtrt n jAj < t jLoai I^jLi anti <jjLJI 

4 a (2 h® jj *y ~ > l I (_5J^.VL» tjliy J-5j 1 6JjUa ajji L^-jU ^j-aliJl Cilj jA ajUI -"‘j ‘-■ * g-ij) < «nlI 

■ “ 
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6 j l /t j I 6 JU I)) loA < Al I I JJt 3^- ^ I 6 JU I F L o I x J I ^li ft J U* O^J 

^v-a is \i jlj-a—jlU iJjLS *»>Li ^I tj 1 oJ—J—^ ^ exotic matt©r 

I ^Jxoj (J-a£- (3 -0 uJ-S_5 • LLI 6J^ ^Jj-a (j£J) '^-J tjl ‘“'^J ^ J 1 "'J* A 

<JJjJ ^ Q * -1^—-vj 4. i ' I *\ ^ I J fl Ja. £. I J| < ^-*-uLJLll >^1 1*1 .11 lj_A ^j-a ^—fl ^ ~ fc j 

-v j ja i/M V 4 A J. A »II 6 j 1 .xA-J I ^)| Laj Jj . 6 J LI l 6 J -A -La -i-i. o 1 LiJ'J ^— n AJula 
. a j LtiJ I 6 jLcJJ ^Ll^l a jj j| >a ^—fl i —Luj *- l -^ rw ^ J W^** 4 _jJjJ u_jj_L» 

V j-ol <6 jLjJI ajLLI ^ya <ll-a> J h Y> > ^ jJ (j < lij^S uJL-JI U * « A ll Jj-^j tj] 
cikJ . lillj l-Ti LiA A ^ <■ lj->Jj ^ I t j l <T oJL LJL ^ic. 

^Jdl i_J LcaJ I -LzJlxYJ I £\$-* (JjL*_i ^_Aj <<UlLuj 4flLio ^yo <JL. ^ Lvj (j I 

Jja £ Llj I ^JjLflJ L L^-J ^[yXA I ^LLi^yk tJ LlA Jj I <jiij ^lc. Jj r -u V I e_JLt] I | YY. tJ-aJU 

* 

1_lI a<,a c L*_ij Lkfij c_J L.J I Jeia i Al I I j_A 


: uJLii II h f *A (I ^LUl 


ciLjjjjh ^aJL-sJI 4 >lr ^-Yc- jJa SjjLLJI S^JLII 4-i-i-A-a ^JlIII ^ IA fl a ^jl 

ClaJiLLuxa f - \ ^LaV ^ e>jdjA ^YJI t Hendric Casimirj^jlS 

J lj-l I jj Ai j l ^ i a J-iLi <j_» j_c. 6^yA Uo f LfiJ I (J 14^ajY11 ^_A <_uaJjJ I 

( < 2> Jji - u ^ 4-L JyUj Ll_yl_flJ 1 P La 1* 11 4il L jj I «Lt ^ 11 I ^ " a^ L fl a l_A_L i^j_LJ 

<^jj O^J 1 ^ - } J - I,l ‘ 1 ^ o 1 _>.jj j jlc. 6 j ~Y j jJa 6 ^aLLl]I a j_A ^ I l^.a. Yi 

r6jL_aJI (^ tU-A-L^ J-o(—A_o J-a_JLJ j-AJjL^ jL^ ^(_£. . ^ T ^<ijJull 6j I 


<Jj-l<=l-JI <_ t l a LJ -fl < I fl lA l fl 4 3-1UJ1 (Jj-UO^jJI /yQ Yl IJ-C. J^fclll 6 J^LU ^ji I J j- ->■" LftdJLJJ 

- - -II. H * - fO** * S'ti 


- iyj-t* U^* Jl-i cY^ ^ 0-« LT^ Sj^i Ifl-J* jjYJjl <_aj (\) 

, _ • r^-^ 1 

^-l^_,j , ^.^ll ^ jijj ^Ul JJj , jlliJI ^ ^ (Y) 

jj-Ia. i oL^fcjJ (^J 1 ^) ' YLi-U <liifl CjL=kjJj ^lU-U jfl i/all ^c. J-ijj 6j<-rkjJ ^Jl 

“ L^=^' 3>i ^.U ^ Ij 1 J^v Y^jj Jlc *GO^fJ ' oUi>UL^ jljil 

■ f^J 1 ^ 1 

■ “ <j-aYl! <jji=i_JI L-i.il jjjtill ,J«.^.Ij (Y) 
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jfl ^_lc i^jAJjIja^ {JAAjJJCo jJjl^aa ^Jb j-ajjl^ SjJblla ^ fll 4 iij]o In i u > I 

juiJ J-Aj . ^ \V "1 JfLllj) j-LLO J_A Lo£ i Lafl iiA V ill t.Afl iA.< I £yO iidui 

( 3 -L^JI (J*lA*t n j*Jft\ o Jq 1 A»> i £*JAJ <Jj < LaUL^ p IJA. (JuaJ ^ A*\fI £ IjiJI j I liu j I 

^Jbj ioUj^I Cj 1 auoaII 6 jj& Jjaj f 4_tjjJfl.il 1 CjLoaa_u^JI ^IjjV 

6JJb c Pj-xJj 1 CjLxuOi 1 lai jj-oj t <1 ujulaLi ajj fl^ll 6J.lj I (J fl"k i ^jJI Cj 1 n-A tu.^JI 

*.u.fl i ^Jb L^jU Vjl * 4-ij-ijJL> oLftAjjiA ^ya ^ujj La <J a \ ^-A o LaJA a AJ I 

4a jI t*i i »I <_ Jin u La <J^j <41 a^ 4jB LL» I 4 J piki 1 ^Lfl < j-fl- j-o I jV LuLij < i j ji fl i 


&J^-fl bj£j (J-llxj Lo£j < (jJajaJI t j Ia*vj ^aJ I <fllUI jJb ^_aill J-Jjill < j-° 55 Uo j-a 

tjjl£woLLfl iJJj ^Jcj < 5^ LUI1 ojIj jjjaJI jIj LaK < jill jjjj a Ai % i 5ilUI 

CiljJ j-aJI Cj Lij_jj_i] I j_a LL> jM^ 4 _la^JI 4 j U > 11 jJoj 4_fl n»j ^ya ^Ij-ill jjt/il 

.SjjAAalll 


4—flUa LflUj <4__flLL ^Ij-flll ^JaJLJ 4_ 1 a^II 4->jIn ’JI 4 a flj (^jJI Jal iti ll I jl 

4fl LU I J^Uaui Lfl . Lfl-i ^ju Lu^V I j I < LfrbLxI i u I a i >Lfl p UjV I l jA 4aj Lujxa 

( I ft j \i» (£j-*-ua (j 4 -LlL Jjlj Lb Ij-a a ii a jj-fl Xj 2 kjj ^ l UJ^f ^ 

j i*\L JI j^.Li * clljA-o ^ ^jA-aj ^a!I <ajj^JI <5LUI j-A dJ jJ JLlo - U-ua Ij 
Vj * jVL Ja-OJ-a) jAaaJI J^-=k (Jj%5 LasI (IJLc 0 I 3 A VT •) 

J 

^_o <5LUI ^j-laja-A <4jUj^JI dj-iljll -ojj ^JLa IJJb nil (JjA jt 4 axjLa 1I <iLUI (Jjlaaajj 

JjjL.tjJ c^jlklI jA Ijjb n>ll ^jj fl j| . <Iaa i uj J 1 tj 11 ^jjl jl^nJI ^Aj^^vll jLaII ^jLjiaj 
Li$i pljAAj i jli u~ta ^jliL-JI c^=» J* jl* * ^jlJ (jA . ^ - > 11 U*Uj 04^^ 

. 4_uj^ 5JI 4iLUI < ja jULajj JjJj < ui jLaJI ^jaau jlfi c cJjA l_aJ| 0 I 5 A YT • ^ n 

c , ? f t « 

CjL^jII j-a AJJ—a —0 LLLojI IjJjj j I a j jjj—Sk.jJJI j I j— ajjLS J flj 

< 4jjJa C. J a*i t"t 4 til a LaUul VJ w*>*>-» )l ^jll jLLuJI jjj Jul^ <4 1 1 u iULliLajj^JS^JI 

ou <j-oj * Jj IjJ^-i )! jLLjlj 4xAjJa j | (ju Lmj I - -ic jijJ j 1 * » t ^ II ^jA_JL-a jjj a UuV Lfl 

1 \ * “ * ' 

jjl *AaCj .>LaL^ 4jjlaj j-L^-a oV iLLflil (J^Sj 4J JjVl 4. a «aJI jLfl 

(JS ^L-QJ « LjA^a Ja^I t 4 J 4JLJI 4 A* \ 11 ^Jbj <1 fl I *X\\ i I ( jA ^j-iA AAA> j » 

^yJjV I 4 a i l l I {jA ^IcVl ol a * \ 11 6 jjb ^ A . 4.UAJ «5j_^ J—Jj I oLaJu *“* 1 " 1 (^J-5l X-Jj 

. ((harmonic jl overtones, oLiflljiJI» 
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JjU. > I 4 11 ii lUI-JLf ^<JI CjLajJJ ^jl ^-aJjL^ (jufln 

• ^ i *\ JSLi£.) jjt A^jJJ 1 4 -flLi.nl I ^ic J fll » I (^LlULA ClljJjJiJ VI V jj x a.jil I 

4 -fll j nil £—a V cJjJjlII i dJA-^Q CjI JJ^j-aII ^jAtl ^ I <JJ*i ^yJJU 

^jl ilOj ^ it a . CjljJjjJI <ilil 4 a jlfl a 1 a Aj [a Ci u ( ^j_u 

int i^> jjj "ufl « La^_Aj La I4I0 JS1 J^lajJI I Ja IJ i I Cj LI <j-a <5 LLJI 4 ia^ 
4 jJ^| La '■ . j 1 a~ 11 Lo^JU&J-i La^xn uJLm Jot 10 jJjjj j-a] ^jJLaj j| < ^xaj^JJI lr 

. 4->j A~ll I 

^ ( 3 J1 <^j_a-»j l£ a^j-A Ho j£. ^ i Ti LJ I t Liil ( lnt t <*>! I ^ju I 1 flJ t, s^j 1*^*11 <**«• t Luj 

\oJ\ \A L>±i < M 0 <4 flh ^ o jlj-a i 4_ijjj_fl_-a j| LaLj! a 

J^j • ( Ij-J-a ^ * (£ I ‘^11 cj-° * j-^ U-9^“° *-il ^ ch° !*,>*■ (^jLuuJ jIa-ojj L 

La La_i j_o_»j O lj U < C4-> LLa Cj 1 1 ■■ I i jj I & j A 



■ eJLuj l nt i A jr LliV j-aJ^l^ 4jjAJ {W—*\ Jii) 
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. iI mX I ,_j-^ k_ 1 1 J J^oJ I ^j-c=kJLJ ^ \ ' *\ 

cjjjjj jL^Lu jJ_l_o aLJ I ,Jl i -J I q <-jL£_, I ^jJI (JUI J\S 

cilj ^.a <jj $ i X i of y^j-& wjL^jI jla ^jjo Robert Forward Jjj ^ 

6 J LAl I 6 J U I I jVn III {jC. >„i~i^ {jA ^-fl r jaJLni 4 j^jlL ^uSLc ^j-lc. — 

^--y. J qJtljuj ^ If CjjiJI lr\_t 11 6 1 fy 11 | J^-Ju >. ,fl t < *Lu 1 i Afli i p( i^j-aj] J C^-5^ 

p Lu ^ l^flj I 0-* <uUJI J-J^j jjLfl < >—ii r>‘vl I JLAJI ^ j jJLJI I J I 4 n m tILi . 

• “J J- 41 J Sj-ALU ^j-lc. 

vacuum-fluctuation ulijlll ^lj_iil 4_ijLLaj aLjluI LI ^>a <-Aj 

< cU^JI *LSj <jLc I 0-° 4 rj-uAfl JjIJj 0-* i_JjJ o-° battery 

01 _^-ajj j_kjL3 J^UJI 6j-A JLJtl jJ-oju L- o .1 v ij . 

6jJj_jJ.l <5LL=JI oLi t p-U-u LijlaJu o^ 0 J ^j^ ^-A-t-.ii . £^Ajl_JI l^_4 Aj> > ^Jl Laj-uoj 

Q-l-w j . Ina^Aii Lo M l\f Ol^^JL^ 1 jtfl ciJaj Lai£ < t^p-uij c-fljj-u 6_)_A(Ja 0-° 

(j a.jLk jJ-uiA 0 4 l"fc^Lu Sjlcl pSLn-a ^LlajJl Oj-* * «Q I» Jal a .Aj I ^J-ouSLi 

, <_ij(jl)I oLj ( U tl I 0 ~y 4I/1 LaSfc U i.Al L 
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J I Up 


ill ,-m IjLA -SjlLi 4 tlar ^-xf. JLJI <Jt_iJ=ij <-JjUo-JI 6 Jla Jjl 


^jJJL LU3 I 4 II oiijj Jjjil j5j < Lfj ^-j- ^ - 0- 0 ^i-^IaJI 0 -q 

. JIj-jLli I ^ Jj jJ I l—lA-J I P LuiJ I 

^ ^ (| I^j ^1 ~ ^ .t._a ^ fl i n 1 1 ,\i'Ll1 J l v*%l I j (^y& * Vj-A iJ-Ll <j_j_ojJ L 4j J ^-L. 

■_■ fl ill t U^Vl r . I j A oil ^_i_£. CjV Lurx 1 V I p Lj-1 ,^-fl *La J fl..il I a^j I. i aa! I 

p l^ jjj . {y >U1I ^jc. ajLiJI ajLLl i^kVi jjlj <<J^LL jjjjlII £jjj ^ Lju-Jj 

. (£_X3 1 “ 1 ^ c^ 1 -^ CjjL_uj ( j 3 -L xu ^ < Ij 4jlq L=x. ya jy-& CjLo ^-o 4-A L=*.J CjL^k I^oaV I 

■S*J L^- ^ Ji^'xx ll 


? j 11 h 1 IF JjLi < jDjVb jLoj 4 1 > fl m 

t -I.u i J_£ 6 J_A 1—L .t i-> ^ jJ I J J-QJ Jj Lfi ( 4 -v \ -v . a I Ml I £j£L lijKil oU 

ojliJL <ic. ^jjlj 1 t\r a jL A /x <LujLaJ c_JLuj Ua-xA i y. gJu JjLa jl^fl'il ^yc. 
Cjjj I ft\\ ~x. jXjJI 1 0 > If ^llI <_o_LfiJI ^Jj JJ-aIl]l <£-j-ui oLULlj j5j . Lflj] jjZsll 

i_ 1^0 ^j-o 4 _g_a cj^J * p La] I I 1 ^ a a LI aJ-^I t CuI-jJJ ell] jJ <L_laLuo 1I oV U ^ l I 

jJj . J-JjJ I (jl5^ I jo lii 4_fl <_G ( a ~\ fi O-aj si ^la L ij I <LjlL&£. I JJtoJt» L‘i 1 • ^ > 4_i_^v. j 

<JU. -v -JI x ^ k .( i*~i I o Ij 1 a.jU I qLI 1 u^l I Qi v 11 J_fl * Lot_>Q_i I ^ lr 

^ * > > > La l a l ~- 1 A * /> x LI jJlxlxI I <lIL^. I ^~v ,^ JI 

a L5 ^ 1 la j I j —JI I .«domains o LiLLxJ I» a .±u Li p VI a jjt 1 ^ ^ 

• »>■> oLAjj-oj ^J| CjJ I JjXa- 1 n til Ojj^j c£lj i ^CLojLo 


tjr ^ - i a u . i iI dUj CjLc. J 1 Ji^j d,Uj_Jj_JI a j-A ^| oLL-u^]l _". > ^ >I J_5j 

LT^" P ^L9 ■ ^ 4j_4_ciJ 1A JaLLj u l.. T k ^| (_li_> Lj | jl Ij JlJA <aj l JJ-0 £j-0 I 

<LjJcJ! ajll jUa-iVI ^jC. OALaI si ^IjJjaJI a JJh ^JlLa V LuLfl 4 ■ ^ali a,\ A 

I ^ ' 11 1 O-xl^- tjjj) ^>*i I-' i a -a V I ^a.4.<rxifl -ULfl\l I La | < j\ 1 JoJlJI I l \~j a 

(iJjijj < L A U 1 \In Lii-o ejLkfl] 6 jJ_i_o ^J-Lc. I ^fl Jj-^Tu L^_jI <_JI yz 

ji A1 ^ 1 < > <ii J L> Lai .(^<LlJI ji £ ^S L y Ll? j 

jll^i ^ ajIII 0^ jj J 4-1 6!i ' 
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6jjijL-iij /cosmic strings ^fcjVP ^L l-ujLVI aIa vJ^ju 

^ jjJ il 1 Jjj Jj tjjoL I L>° Yj LAjiaS—fl « Ji-*_ll L j l j a. I_ i V 
. <j^jV I Luj <^1 -^b uuu a u ^ ‘j *^ 144 ^ 

JjJjj ( 4 dLii-flj ^ 4-ijj-t-o 4 Ixi i JjjYj 6j i Ti r. 4i_jJa ^IjjV I 6 j-A ^a <j I 

^A«-j • Cilj •vU Jja 4 L *s ^Jl J^~ 4 *ih^ <jS^J « SjjJI S Ijj 4-a_^.a 

L^_jjJi >_n mi tC. jI j-^11 6jJ-» La jJb 1 flia 4 i lU jLjl Jj-y.J (jl ^1-i.^lftll 

. Ifl-Jj SjLLI * ■ ^ 4jj|^jl 

La | i ^LjV I «*iL I ^ -vj(JJ i yciaxulL 4JaUj^ 4.n-ii i r>'\ ^_A 4_LL^J I 6 j_a1 I 6 JLA 

Lai fSjljl (JiVl 4 .n k xs\ ^1 I ^ g fl I Jj l*- 11 <LLLII JjljjJl 4 I rAfli LuJ 

.jljjVl dlt J^J J La Sjlaj jjSVl 

jjaj 6^15 ^-a 1 i Aua 4 Jc La ^_A jLjjVI J^ljj La jjna il 4 _Lujj J lAfll 

a JJbj < L^j I j Ja 4_JjY I 4-i LU1 1 oV Iaaj (J-j < 6 J Ut L 4jliaa O-i-u J . ^JjY I (JL5^ ^ 
jJLal ^jjl JjL^JI cJL_JI Ini .All CjjLiJI Iaxoj |J.a '•tl Jljli V oVLaJ.1 

JjLaJj JaLLa 4_5UaJI I ^J3j . SjSLlL I 4aJ ^ flJa Sj-ILfl I * La^j| <5IS 

<jj . JXali 4 _Ljl=Jj I JjLkJi ^jjSJI jj^JI 4-5 LUI <jji « 4 . tilft j ^Jc. a*\ ij 4 It ^ t ^jl 

^1 ^Lj_1aI ^1 4^-<u SjLtLlI SjUI ijA ^jSJI Jjjll J^Ij ^ La 

. ji*>« im cjuAj c Liu j 4 \ I In jj 

4jj U>L JliLalll (jfi. ^ it'll in ^jl 4JL^ j I«oLa Culi 

/ 1 ^ ifl jQ | |J| 4 _laL 4 ftiI ■.. 1 4 fl < q tfl a ^ Q a ,oLLuaJI j t ■ ii< il 5jL q^j^lluJI 

|xa-u3J ‘LXjJh* Lj n *y a cjLlS ^j- 5 tl_=k La ^Jc, ,s a“> C -1 (4-LLiJLI ^ nlnin ^a jjjJLi 4 JLj 

ajlil ( A-4-ojJ f^yUI ^liil Jj «^*i jJ^IL ^ r a U ij 

jl jLjliVI Jjjp 1 iAa ^-o JaLsJU LljVj . JfL-gJI IjJh 6jLiJI 

<_ iflull lj iJj-AaJI I1^4 ^Jaxu Jj La 4 LVi 4 jJ^jlj ^jjiL-ola ^a ^jjlSLia 

<> ^ J-^JI (ja^U» ^ dIJj O-^-iJaj LjI l 5^- u J-5lj -4 j^L jLul ^jJ LjSj ^1 
{ j\c. ^cJajmll j-^-y -» Laa i L^J (jljjVl 4_flL-d| JLoJL^I ^-a I^j-juJI ^_jj fl jl I 

^JicVI p L AfllI 4 i.. i*> A ^«aL ^ii J i ^ -a ^^-Aj t jL-aifl .«i I^ um V I Li~k J -i f - ^(jlajV I 
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<<J$A ^IcjJ <jjJ f6jj-flL-u-o l^Vu iii i I "wUi uj fj\ JJ* 

< <L_^jV J I * ‘ '* '_■* ^a ^j-A <L_J I ^J-i-Oj_i ^3JI J ^i Ij . a J LuJ I 6 J1 ft 11 .J-*-* <JL5 , 4J 

i -v < ^j-a ^ 1^-ftj H I j_4 AJfc ~ Q 1 (^jil jjLulli < <-ilj-ak J[$Ja Ajl i t tll 6jUJ ^yuj&l 
<6jLlju» j| a 3 Li <5jUI L* (^1 J^LL Jjlj <<j»U ^£>3 ^Laj J>) < 


jeJajujI J i C. ^lj_5»V L-ftJj <CjI i 11 Jb A ^ b C^- ^-^3— 1 <J^ 


^4 oJ iii'i CjLI m-JI ^Jj Vj < 4 _uj£JI jLjjVI ^Jj <JU 1 I ajjh ^4 J » 7 jl i 

JLall ^ j-fi3 ^jl I Phisical Review D. <L-o ^ ^jll ^^^11 Jlill 
. c-JL-u J-Ju 13 Lj.lij.flj Jjjj ^lalii oUAl) ^4 Jj^=wjll ..IauI) <j| ^A ^i_=wVl 

o\ Jj** CxfljJI ^4 <2tl2jV ^J)->Kxo <1 ^yu-J I l^jj (j| Jb^ 1 ni H3 

j_A ^L_fl . Jjj\ ^jjSJI J^L-a J^lj-a ^^-4 Lijj-*-a (jli L-tj 13-A <JlLa 

S < 3 (a^o Lajjjj ^ 3 JI a jLiJI ajUtl yc. <xa I <1 ^J^-AaV( 


LaS iJLJI LuLAlioj ( jja jju l Ijl^ jl fl'v. £• LjV (J-oi ^1 jili i 

4 % * 

LqLoj ^3 L jjl Cfl\ LjjJA-a j^A Ji 1 aJI I ^-aVL t^fl * <JUlH_5 U^JJ— 0 

£_iAj La ^ Leu jJ-uj . L^-bi ^ j-±c- j&t <J 1 JLaI^.1 

C m Aa /i< > 4 ^ i uft^k j lftfl . ^ilaj jA-iL jUxxi ^4 j Lii. Uj tjjJJ Jli-al i^y* (jalL^JI iJ-aC- 
SjjUaJI j> n < p b-fJ! J >} ^~» 4-J.^-a Jj-AA ^i| Ij jJjtjj- 1 ! J Li_k jt-UjJj 

^1 ((j t Xicfti <31 (j I j-Jal I ft Jbijj < 4.r*\y)t I Cj I J 6^p UJ Ij 4_o II 


(jL^ ux^ ( 1 h* • ^ uxc. ^ a4j^.j-a Lfl <^>JI I cul^ 

^kL^J ^jJL>^ ^ <j-° J-& f J- 6 ^! »■- tllrTu JA .^A jjirfc'i Lo-a ^jirk 3 JA jj i-i^aJI 

* 

J _5 Jj i -k ~A U -4 ^yjA i <lLJ Li <JJ L j_LiJ I I J_£j I -^W J ^yA ( ji|J t j I i.l I fl ^ 

■ (jL=wLjj ^jj LoS JjuaiL <GiLi. JA ioJAxa a J1 iA-i 


jtjjVl t II < 4 - 11-411 JjLi-u^Jl Ci^ Li ft I J-fl ajl i A tilt ^1 < 3 / 

<lj^ll * (3-d a 3 L uJ 1 a jU I c-M-uLill I jKa .\\.\ -v- oLuK-ajj <4 _ljj^JI 

J-J£. j-Li-JI ( J) > fl ~V J i-oUall JJ^ll JJ3J J^-AQ^1 li tAJUjb <KJ».a ^5 1M <jLa <«< 1ft Aall 

jjt jL.J I <xj(£Lq| <Lf 3j£]| 
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< I( Jj_a]Li ^ajSkJJ j_a£. j-ij-aJ I Lul^-oj <i»LflJ| 6jLAaJi ilLL ^ 

jmi ^ OjlHJ (>^ j ■*-* fl < Ljj.il I ej^LtJI p Lu j-flUk. L^jj] JlLi jjLa 

ill ;xi't~> 1 La J Li n AjLlAxJ (3^-°-* uij ^I 1 AA <ti t^l J_£-lj» ; 6 Ij-jJu ^jj I 

<1] ( I AjI (jr A <±-n -\ i LIjJ (J^ jjLfl AJt t -* i j . <(^ojll j-xC. ^j-^LLI LS^l J'* ■*«»H 

■ 

( j^aj i ua LLjj-U dlLL a jl jL LIjjll <.i-ui'i a_sI jlJ jui i Ij_& ^i 

* > f 
l ^ 2 >JjujSxisJI Ij^-J <^_L^aUll ^Jj t all 4ajl^-aj ^_L 1 J ^| <j pL)_iill ^ IjiJ 

J <7iX iioa-ii dll J ^y-fl LjjJ / i—jj 11 J^JuLiujI ^jC. 1 AgLci »1 tjjJJJ (jxujjja ijx* 

j) i J ^Laii^ia J^.jj <G L» jj IjJ I ^y-fl Ljt i L*J I 4 i. u M il I L j,U il I I . L-a La lx. 

. ^ it I ^j-a p^y t Tu Lftj 1 j hit fj t Lxa^lI OW I 
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JjLluJI J ir^ A If 


j-ojJI aJI fL-J jlLfljjJa 


Sj^aJI JlLt i_yaJLu ■fjtnl* (gj I JfX » il l Juu V 
j/^V/ L^j iLS . 

j ir. SjJLlmII cjLjj^iLull Li .4 iJ a £-* JUlutfl 

Jm, mjJI <1-lLajIIijLJLSIj tZ lL*j1! jLz Zlfj ‘Zjjf ^%-tl 
ULil - Z±ij$JI gjjIjiJIj ^jtSLajII jJjUjJI ySuj^S/l 

.{jLaJjIJ JjLiuj (^IjIluU (iillj £yb Jj£jj) yUj Ij QiJJ I 


{jm *GJ Ljj i^. i La^ < JUa>*i i «a a ^a| ^i-C- jfl 4**11 I i.l Jl ^-U.il I Ljj > i 

e. 1 i- r > fl l I Jj Ij fj lj * I J Li J j I £-o ^oj] I -U-a j jx Li_u-=kV I Jj-flj I p I j^J I 

*l-o IJJ ^j-o LI i «t> jA£| *Gjjx. -1 k. ^jj^Li i-rJ ( <X.j-iuj 4_uj»5 Lc.j i m i ^.JUk i ^jJI 

4-ILlJLLI jj_aVI ^y-v I I J^UI itkIL jjii-J ij ill i jU 111 ^1 .j>4 alI 

LliL c-.t 'Y -.J I J>L=k j^fl-4-uJI ^Jj j-aVl (jjUjJ I 

<j I ^ i i La IJ Lfl . <JjjLi j I l^Ifl ( iflUiA 6 Jj jJ Lo V «Jjoj Ij_£J I tilij <JjJLi I-a.-lA jU J I 
v £ """ ~ ~" 
t ULflll I I t/> l A liLa (^oAj ^ U J t t.iiU k i IJ-A J^Lfl i^n-o j-ol j^£. j-fl-*uJI 

(jj-iJ Lj -x flU <.u 4 ii!L ^JjV I Sjll 


iJJ Jt-^U <JUlXA < j I AT . (^)XaL^V I JL=J I nU t ^O^JI J-*£- ^ixJL J_4-o5l 

d 4 i L a f cJ5^LUjI 4 U~J jj-fl LfJI J_jJU La ^-Uai ^j-o ^JUjj jjl 

jUilla closed timelike loops, CTL UlcJ JaLo ^)l 4.U.A )) l.lj-l 

L» ^ (j L*| *GI ^1 I i. i 4 *a 11 >^.i.LrkJ La Lk_j Lu j Lfl i.uV I ^j-o ^ (^jV I 6 J-A 

^fl J-A-C J - I X - >-kl i«< "» j) < U"k Jjjjj La 5 j^ LQJ ^Qal-^ilj iplj^l ,^11 ^ 
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(j I 4 _Lxj_I 1 j J flj 4 J I j b Qj jjJLllLj -4-ab (J-o. -k i I Jx-fi 4jAa. ip n 

. ) J*S Aj ... ( _iJIjxfl < 4-qLi ^j-xxx | I ^y> n" ■* <<j f6 J~kl I <JlLi ^Jl^j Lij 


(£jJlj <4_i i_v_u,J 1 (IV.>.a £_a ^jAjJ(_Hj 4 \\ njJ 1 oljLuil ^Lfl 4-i^aJc. ^ji£| *Lc. 1 .i-i^i 
iSpIxoVI ^1 ifl a ^ If- olni L*~i ^ | ^$la i 1 ^JlXuu ^ a -A ^ '' 'H q -v Ti VLj ^ • Aq i 

^_a_i_LU ^lJ 1^ 1 4 i IxullI 4-i^la_i jHal rwa .<Jj_fl jjjj-Jj Jr-i* i AlI J a a ^yjLi P J^ I {jLfl 

jjU A l <1 I V L^-J Lfi t^Ltik-O L j-i-Oj ^yi £>l A^Vl (_>*AAj j^-Q ^jljjl (j£j j JL> 

fli V 4 i > i <*JI 5 Sc .Li ^jLi 11 \Lij i al 1 j mm xlc. | ^JLij . 4 i i\llj ■_»> . ..I | . LL*ijj ^u^jlIj 
J a > J-A (—xiu ^aJ IJ ^ | jjj . t^JJ j ^ Ip Li L_Ajj jj|^^ Lai V £_i I^J I < I ^ a I 

4 jjSj ^l ._i IWij pL 3 j, aJ 1 jaJc ^1 JllA jjAi-J (j^Ij A v f I oil 6 j_^J Lai>1^.1 

. 4 i. 0 .If <j LLj <£, I ■ ^ < 111 4-i-i-ii^w 4_i^_i A VI <r«'" *1 |_^_j | i 

Cxaj J__fl ^ i XU i fl >^Ja L-iJ I ^^5 *1 ft 1 f 6 J =J I 11 iii ,n J- 2 *-* J ^ ‘ ^ 

LL I I JjV I . 4_J L^J I o Li IIj^J I 1_ 1 U< ^ 'At |j 1 4 xi^UJ 1^ p La 1> 11 iJa£ [_y& I qIlA Lj_a 

/• 

iitjLj 1 ^ 1 a Lu ^yi <«lLqj ^yi jt-*_uj j_5j < 6j i i »~t ^^aj V 

^ULj ^jl Lo I w i'll Lfl tiltll -y j ^ya jjj J A^fcfl 1 Afl aQ . 6^ i i» il ^J1 -k a V-^- taLfl <dL>i^J 
<■ aa~> ^31 <<— aA^JI Jj J -.^ i ^y-fl ^ U^k \ <dl J ^ a u±$J ubII ,\ fl a <^jl^LLI 

. Ifj La) ^jajj <*l 111 iJ I^J I O L j? > a 

<^y 1«^L11 jjJu iin~U u t JA tiij^jil 6J^J s—a t a In Jj ij 
cJJ-Ck. u ]_a laU ^yJbj ctl tj ~k <z.l[a a <lLl ^la < j^ -aJ I ^y_tc. La^ if. o*i 11 ^^ -v. .t. L»a j _5 

Fritz Lei- * «<. ^ - J 1 qLj^ a jn< >» . L^_La Va L^Jl^l ^ ^3 ~ LJ 

<^UIoL^il jni *i i M a -k <LojJJb JjL^j r^LjLaJu ^’irj.A^k a ^c. ber 

(_£b »0 ^yi^ L^-al^uLl jk^l^JLl ^jl <J^_a ^JjLU UkAJj oVj 1 -k 1 I 4_i l^ Li n^JJ J ^_OJ 4 -wH ■ v->l 

4aja ~k H ol ii jjj-iLa» <GLj j_u_iV (JL_Uj| j_ 2k.I 4_lc ^xc. Lo 4_* >U<-> — 

the Law of Conseration of Reality 

LlLj^. { j!l. SjjLaaa {_yA <£laj Lo jIaLa ^-A Lll l_2fcLc.j| J>i]l 11* <L=k.j| (j| 

<4 -il a J)JI Cj^Lx^U 1 jLuJLI ^yi 4 -jlUL i 6 i^i JAj) ^ iALII ^jl , 6 J 

^y_a Loj JLSLh^ IjSI 4 Jl 3^JJ <41 lnL5 JAx-o i tAi I (J la’ll nLI Loj j* 

jAj t _jxx 4 x 5 % L.J I *^1 j 4 la a i La jilj VI 4. i a i ii. ilwn J i LaaIxi ^yxl I lijjl^_a cilj 
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ji-Sl aLuaJl < 1^1 fl £^jjj o I jL-tl< <jaj i fJ^l l ( J t - > « u* 4-5ij ^ j a 

, Uj JUM-i LbjXoLlC. 


jl j-.fl-ii.ulI (jj* 0 L 1 .uj .Sjlil ji£I 5 jl^JI < - i .xA-fl JaJ ^j-a.Vl )j 

l‘>~> j t ^ 4_« ,t.II sijllLi fJLA_u_=kV 1 (j-k- uj--o CiLi^Lc 4 ^ a5\^ -j ^j-IJI jjj jJLaJI 
6 jl_fl » u a i u-t La J_4J <-U t ■> .rJL t i fl 1 AJ jl1 j-« j IJ-5—0 j-fl t > / LfJ Ljia 

4 -lxJI 4 a \(I <jXqjJ | a \ A Jj^JI jG| _Lflj <(( hdlf~tirTI 6 period j-ojlI I 1 a <uAi 

.«jjlIL i»Ja5j V <111 jl» l u ll (Ji-ifl i ji Lum i 

4a \ ,~U 1 ^ A^^Ti ^^11 ^jjLxull CiLil.A.A.11 Jjlj ^ Ufl I J_aIjjuJI <il$ ^jl ^Ic, 

4 11 a j <jj_^j Sj^aII bSA dinger Erwin Schr ^ ^j_^j jjj-lL ^-w>j j_5j 

<5 jLo 4_i < (jjJ-l-uo ^jA 4 Ufl jri-j Jjj_ii Jiikui . j_a-iJjjjuj <JaJ LjAuj c-AjAj < <JtJ L-xi 

I» Loll fl < ^jJ] ilaJL^ l ^A <_fll*_a J_u ( u.ui f j-o SjjjLflj < jlj£j Quia 

< SjjjlUl j^ -Cm a lo-iA-ll £_LaA u i i n~u tjuaj JVI jtaj < L-LjuJuI jljjdl 

. <LxflJ I (Jl5 J 4 -la i uJ I Sjlll 4 ><-1 i 


JUaJL-J jLi < Jn i i AlL j-ajl! I uLaj 6 jJLfl LjkUlj f jjjXliuaJI 1 \ fl If. | I o I jLfl 

^_ai jc. IjLaA t <A-*ulI 5 jUI jc. Ij_a . Ai<AlL \ : ^ <1 ujuj djULI JLj 


u^j ■ U^ILJI j-fl <JL*. ^A j] L^il J . Jf jkiil Jjia S<iuua ^1 iu-r*. 
V] jLa^S jj U^lLa- (j I A jLLc < J^l l^j <TLlJLI ^j-fl ^J_» < IA\11 p Lj_ iaJ I jj-Llo 
cr® ulS^ 1 1 iJIj La l * I £uj&4 

^Jl 4ujl^ JI (lllj j^J i 4 Loll 4 11 -s., i fli^j j Lfl i * Lf .~\ if j . 4 iml l <JLJ| 

. OjlIj SlpJI (JAJ l^_j| — C,ljLlkl {jA lj (j ^1J La ^ 1-^1 1 ojil^l 


JJ—4 i *. A j— fl jjJc. ^j*i i uji j- jlLII I j_A JjJ_rt. j-? (Jlj ui_ l_5a 

jLujkL <^Ijj 1 *U-k 6^ Jjii many-worlds hypothesis ^ x ^jljSVl 


vJiJjj (J^ ‘SjLi-a \MTV ^.tc Jjjj SJjjIa ^yic. 

(Jlj iJ L^S\ C>-a-Ji <j ■ > i i lljfc ^JU. Ikil ^Jj «^JIj-JI JO-Rj ixij-jjl <A-=b.j^JI (Yj 

L LAoi l (j-a JJXj J;|j JjA 4^-UL-a H LaaA j_jj 

jLauV IJ Vj < i_jIj^J I L^J jjAjAj ^ I 
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La-fl jLi Jjl 1 a mila ^ I a $ iK JiLftlL £_lSj <j|_fl (( j_lI LaJl^. I ^Jl 

< jJa^“JI 1 fl-i laj ■ I J-a lt~La La^-J I La^J j ^ LjJ I »■ t L j Ij_ua 

diiii V L^Li <^ i~»> V ^ji ^juuj I J1 La *4iLI SjLLI I aii -% <cli 

4 liniILl j^xaii i Jj ( Jc*. IJ {j\ 4* xti a 4 % i7i-a ijjjoJUJI ^jA* 4-JJjxll <JUJI 

t*j r* 33 O^j <xJi^ L_a^i ^ jjis <l£Hj£ J! M 

. 4 l .-k. La I^j ciljLi ^ ^5/1 I <4, i.-L-a 4 -Li fllI ^j_ljj^J I j_2k. i tiLLi p 1 Lai1 

i—fl^JU V Laii^ 1 I VI <JclAj 6 I ^j-a I a.fl.iA La_j < LaJh^L (jLjj^J^j 

. I jjL <lJ I ll xjm 

cjlcl Jj—fl cH—^ ^-*4 *L J 7> » j -a/fri V J J * "J ^-a^II i. 4 I Jjj 

p Laic. < 4 j J-A.CI ^iJ I <JiJ I <j I j_aV I j calI Jj I ^ic. < Lj-JL-ftl I 

j t^ij] 4_j lLa L J ^jL_> ^ill) £_i!^A J^Lil i iij ^j j fr j »_ ^ ^.la < jSLlj ^ ^.ill ^-aLlI I 

La La^j 4c Lu Q I ^_Ll J-i ^Jj^A I i^j_i t I a JA ^yj L i u I ^ic. ^jjjSLI I ftLutf 

^L^ jj^LlIL ^j i> (_£L>1I Iaa jjl .< i_fl jLc jJb ^L£ u|j <^1^1 Ijl^j 

* * 

jjy xll 4jJ-^k J)-a^yI J-AA- j-fiLuxil J~1 fl i Lh-^- uJ-^J ^ilLi tj J.ail 4liA aX I txij-a 
L>° Iajj^ Lc. jJ^ Lj-® *^uil <MJI 4-jjj^. <l^uull 

LLaj »_fiJ i-k^a Ljl9^ Jl Ai Cx5^ 4_iAj <j-uaLJ I ^Jl 4 j J^c. ^i ^il int 1 4_iijjj t LjJaii 

. Li I ■ t-y V I <La |jj ^ill 

L y<=>j a ^-^.11 I jjb { yA 4JLaVl I j /|JI ^ " -y V I |j_A ^-qJjlI I JULII t J-jaJj 

JiL-a jJLc ^ 4 i/^UI JjLla Ward Moore Jjlj jjii Bring the Juilee 

* . *■ * 

4 x I aV I I i vf La. * Til I ^Jc. I j I J-A 4_i_fl | IJ C. i LL L*J La Loj 

<jJJj 4 -oj-uLJ I 4^^JL-ll ^jujsA ^.Anljl ^Jj 4 _Lj jiL u ifl <4 i*\ >^_aVI 
4iLfl j-uaLJ I ^J| Jjjlj < l^*i > j t'i ^J| £>I-L=wV I ( j-a i nl i n"i UL^j 

-U (j I La$ . jIojlLI 4i_ijia I^jLu ^ I i.^V I <JLLc l^jL LLL JjJLJ 

.«Back to the Future J^nuJl 5 j^aJI» l jj$ *tJI ^^LiVl <LuLu jjL 

t <,uu *J I I-1 aj J^L^j ^jjJ I ^jC. jAi Jl L L^-ia^ ^LL-ujj LajjJ ^Li dlJj 
t Afcjyl ■ uj aJjJLi. | jLi j| rLaU 4 li.LJL j i tail I xLa i fl*>L 4 n u aJI <jLj£i jj I 

„ _ «5 p f 

!4_i 1^-iJ I jj-fl 4 _iLc j-^ 1 (jLaJL^I Laj I J. ~v^j 4j| V | . ^ I J-.Tk.SU Jj J aj I JauLoj] i 
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,1 jl) I 1 i xjju ( ^.ai LJ -A £jIj-=*.YI *UA J-flio L jLa^ 

.^^aIaJI (JLl^JI 4lc Ji* j L^uI JLl^YI li^j * | o> ■*>* ^L 


: klilf <4 11 ojJI uLd^l 


L_iLii ^ Robert Heinlein o j*jj All You Zombies 4 -IjIjj ^ 

^ A r« 11 j"> <Iiia ■"■« -tA j_fl < 6 l 1a t JJ*- JA ( j-=wl ^j-oj ^J-O ji U ia <j ) J-JU I A l* ^tuAll^ 

i ^ i ll JJaj <(J^J Jj -~^ - n <jl OJl J^l < t i <i <j-« SLj-flJI <jl Lr Jx 

Ij < j, i^J I _iix <jlj Lfr XJJ. fi t L$-il L^J L - t -i-fl <^_LOjil ^A - J-j ol 1 < UAi ^-fl I . t t .a. i . u, i t 

.<1_fl}jia <J la> 111 Jjl . <ljfllnl I JaX l*-a La^-il j L-AjjJj Ia^1.1aU 

. ( Li^Jj^J I I^Jj u_aJL^j j-A o\S) * I 0 -° t w <> oJLLj Y oa^JI 

l i_-v 1 ^yti Lo <j I i -Lft j I Ij «« 4 LUI o I » 6 j-A LlLa Uj 111 I I j Lo (3^j 

£ „ 

o_La t, .aAA> j 1 111 t sL^_J^aJo < I. a q t*r. jll 1 (ji <iU_zJI <j (J 1^1 

S^uJaI f jxlxJ I <JlL ^'J I ^JX 4 -Lkj (J -0 < tUu 1 IJ 
<£. 1 U o ^lx 1 x \ \ A [xj-i Tk - 0 J .1 1 \ . lio^U I UU'l.fl ^JaI i AAJ <j I < U_U-u _5 {JaAA J 

^A-i-oiL ^ 5 -Aj ^x-i <(J_uLuii_JI jj LLxL^a I g iQ JjAAj j-la L^J-o ^~n > Uj <<jxaJ) 

<L±S[jH <—Aflja (^LaJci 4 X4I ali ^aIL ^j| Jl 6- LAaI I J^La. < axijLj c^j-oULI J\ 

dil^Vl fijjb t 1_1 - 1-1 1 it I U A-l I 4 1 1 r%. j LaJJLJ ^J_Lxi_i ^jLaK 6 jx Y J LiJaJ 

pi^L^uU jjLiilij ^L5 <_ii ^11 Ij * V ^ ^^xlII jjt> 

,^yA 4 1 I n fl 6 jj * * -Q 6 J-fl Lj Qi* Lfl JiI ^ I ^5k < 14 -fl‘ * ^ Jr>l"i 1 >„o 

uJ^ f LT^ ^Jic^-H ^ -LL_lJ.I I <31» ■ A j ^ 

I JcxaJ I j-j Lu ^-ixY I . <uL±j f. jj jj£, ^j-lLl I ^143^1 I j_a LlLo 

J—=k_» ‘u^l (Jr* Y <a L ij £ J-A-Oji I L ^iiAj ^ j J—a J 1 ^1 •% o II 

.‘deuaJJI cLt Jj-aj . <JLl *\ j^o ^ LJLr^ tdLlx CiUa l J_fl ".-il l 4 a . t oi l 


<JjxLJ I ^^LaJ. I a Li-a. Jlaj ^JI ^ . JI jj Ly uj{j} I Jcl=J I / ( \ —V J1>iJ 1^ ^Jxi J. j 

j_a «Yo» ^ «\o» ^jJLi i<JYI <£.lL-^ ^ »t ^.v.YI <U-J ^il 

J-fj ^-* I <io^J V fij-a. j 4 (j- 1 -^ bill <~il~a j Jau*i 1 ^J| <- a .-J» I lo. -J I < I <-C. LlJ ^_ya 

— ^J-UY JcL-cJI JojLILi ■ LaJjuj f Jiia 
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JjLlLi jXJ ^Je. «. & \a f Ij^aX. ^LhfiVl AJ ^| £jxxa JJfcLjL! 

^Ikia I LaJjflj ^Vl ^jJbj ,^QJIj (jaaII La J ft i I 4 -lhAj £_a Cj LqJ^ 
dlx^Jj < Joi ft I jjfc (_^o_iJ . 4-i^ji, I ^*JLx c4.l lu <JLkj-a ^-£-A dJ Lil I La I 

(jLS ^Ift I nC . (^jaLu, lUJ J „?XJ (jj-aj>]l jjj—O dU j ^j-JLV dl j J L 

I jL uo Q *ifl l$_i I I 5 J 1 4 -JjLft L jj I . V_^La JI Jj-» JI "fc n n 11 dii J Li I^J !j 1 ^ n.u 

JJ ^ 

1 X n^l-'t-a iJLujI ^]l ^y-Lc. | ^^a Vjll ^jn^Vtll Jo^JL ^-liiLill I j-A (J 1 a JJ r Lg-Lxl J Lxi i 

j&i\ i^jj 



ijJLJJ Jlill Ijjh .(jliftjJI Llrt^ l ^Ld-ILJ (jL&ljLfl JjLlLLij £_xO J —V J^nij 

L 'x I j i Y O 1 die. <Li J-a^j ^ J-^ L^i^a (j I i ftt^ <Jaj^AJ I 

. jjiftlx Ail I ^Jj 1« -x I j Jjju <<Jjfl LaJ I die. <a-uAli ^JLlLJ \o I ^Jl 


|JL*JI ^ oLllujaJI 
( t . l *-“ > t> £jj 


djiij. i^ii 1^11 jLlj(i olInL^k a oju^j ill 

6 jLe. ^ J J ui u t A ^ \—V J^nij ^Jj-a In L^La^fl .^jjJI JjjJ 


174 





JiiuiVl a <Uij jlc. (uJLHJL^J UJL^i^) fi ' “ > 

L>-° (J^lj 1 ^ lr>^llI £ Llfiil j-A JLuJsI LaJhj Wiftfl <jI Oj^j (JI ^ *—(J-® 


i 

O-Aj-iJI ^oj ^JLjlJI <j-° <1 £-a 






^l V Jl i»i jSj jin j^iiUI <lLx Lf l^ >fl2jll <A-»j£l 

Jl iciiJI jLuiJJ JjLLI Ja^JI (■ LiUL f Liil 1 Ij-A JILqj) jij^-iSJj £_a ^jLiL 
<JjUI U I i Jj-a-a) tJjSJI {J& I ft t i n i A ISjll 


I 1 loj i iaJaaJ. I (J-A ^ I jjic. I t *^ J L uJ UjV I (j Lfl j Li 1 jJflj 

<LiJJ LojJa jU ‘ <_i_A Ijua,Ij aj «( L<0 JlJ V_j| j i.i.<i > ^-»jS L > ~*w ^C, j-iJ U 

' ^ V ^ 

1 Vj c 6J-A jia-JI <4- ^yj ^j-a bj-Q 


6 AA ^Jl <ijjjJLJI oLaJuiui-aJI j-xuLmaj I ^1 <^Lao jjflljJI OjjJj 

<<j-*sJLaJI <fltlcJI ^jja ^LLj ,jl L^i| ^yLxu 4 ifl >a^l I q! a u u-kt I <<£. jAJ! 

<->^jj ‘^ ^-ln <-aLUJI jiku <4 1 A 1 flij JLi.jUiA ^Llii I *, * >• a . L 4 JL 0 ^ISlI jJlDI 

* * * k ^ 

^AaIILo ^>JL? 1 > -*-> <jl ^AjlIiVI 6*LA LitS ^jli 4«l i 4i^f (Lal^k. 

fi # 

• (T-V ^LajjU LU:^a ^j-a (^>^*1 0^9 .pLftJUu^fI 



O' ojlhjl>-^ <LoL>. <1*^ J^») 

JjLaa IxA (jl ^jLalili ^J±j ±AJ . I^Tk. (JjVl I ISjLj 1^-kl ^aLfljj 


cii*U 11 a ^ j-fi *Ja«jjVl Jalll ^ 4 - mJI t^ol^Jul ^1 k_iljll o*\ (N) 

^.jlLI ~ ,^-iljll JolIIL ^i~J_J jj-la-V 
l >*- VjU IxUl ^4 *J) ^1 ^jVl Ojj^a ^ SjJUJI ol^ ^ J^All ljJLi (X) 

Lf® o' tj-ift l iull ^1 JcLo oJLHjJ^ Jh® Vjj jj^oLII ^ij JojLa 

- (Y-V JiJjl) 
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# # i 

^^>11 I I Jj^-a La La* OLlmI ^j-a i^lX m J i "kj La L_i 

.(J i a i<>uiIJ IjjL. ^ILa-u jxj (TjjVl IjdexuaVI LLa. ^Luiu ^ \Litl 

Lai fl 1^ If.L&j l^-fl^LL^I ^jA it .a <JjJa-oj oLa^j-a^JI I j_A cillj Jjj-aj-o-a <jl 

jjjuj <£^ia. ^j-a Lfl-tfl J-A Liu La 1^-ajJ I 4 ‘ “ Kl A 5lall» Jj {j I > l^JLu 

Q-J—i-o I J—flj . j^SLJu^ «(jV 1)) 4-1 sl rxi 1 Li^ljjl _OU ^j- 0 ^-iL L ^ ^ jM* Laj I 

^j-° Jj 1 flnli Cj 1 U Inn* n 4 ft a i l-a.i-fi J5 V I ^lc- (6^-flJI AAgJ LJLa. ^ 1 1 ifl i a ^jj-LJ Lj_kjJ I 
J-A JjjjjJjj-jJ 1 <j I <A-iiu=h, Jfli x i J- 2 x I jj-a La , Cj La_u-u_aJ I <_*_« lj_l { ^A <_oLh 6 IJ I 

JS\ ^^LJI fcoll 1 J n» U ^Jc 4_JI J IViJ l^< <jl . 4 -u-oLa ^jA j-fl L u.a 

i <* ? 

^j-o La 4 j | 4l^ 1^ j n p L^jaaJ ^ tlh 1 - 1 L) ^ ^JL £-oj ■ 4 *-oiCr 4-fl-JLo* ^j^C. Iji X a 4-j^Sl ^a 

L >[J J* L^° LlLHJ^ 1 ufJj J-^-J.1 J-Uaia LuL^j Off <Lx«J 

^>uljK_fl (J^ 1 ^ >1 > 1 ^j-aJ^JI J—^ ■£• j-flLuu_-a 4la*j v L ln-% 11 ( __)xlAj jx!j ~i ml 4_LjL5Loj 

jJJU ^Luail J^Lsi * “ tj|j) J L>aJ I ^jA lnln uJ I IJLA ^JLaj ^Aloj a Lj-iiJ 1 

. (^^-LoV I jA I * 4 i,o IJ I.iAiA) 


La 6jj) i n i Oj (^ oLa-u-uoJJ 4_lj_j!^J I Ja^Ja_aJi ^jl ^ l)-^ 1 ^ 

(_g jJ I LS Ij-S | ^$-A <fl ufl "w La (j L t U ^ (S* L 

^_L2x ^ol aj i urhl I jjjj La aI 1 Jc.liJI (£j .j ^| LljliaL JiL - 1 I jJja £-a 

• La JtlA jaJ 

iiLkll l5 _a ^jjli < A i A i Q ij ^.u.ii tv ^L_i| ^Jc. 6jjLi La La* OLuiI CxiL Ijl |j^lj 

1 ^ i I f j *i I ^ A i ^ 1 i 6J^_» LfiLLlI ^jja I^JLfl ^jl . J* »a ij ^iL-u-a ^_L*J < LlA i^vJ I 

^ 4j I -ifl ^ jJ I j-oV I ^‘UcLa ^j-a ^ILa. j|) jLlll j»Uaaj <jSjII J ho 

e 

| ^j^oJalI ^j-a V Jj «1 <ofl.l I jiXL nil I ^^jA 6 JLLI ^j-a <Laj-o Cj!■ l.a*^ l 4-11 JjJI 
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Jx L*_J | A {jA <_» J.9 ‘ft Ja IJ Jj r 4 \ flf V | Oi L^j5lj • ^jJ 15 4 i. ^ i 

V Lau> Uq 4 4-j I tjjjjuu ^_o I 3>- 0 3^ ^ ^ 1 3® I jJ (jf- u | * ^ ^ 

U L 31 JI 3 ^b* <f?o 3 -° 


Luil I dj i ^ < - a! I ^ If < 3^3! I ii if I ^sla.u 3^ l^jfl^-o ^U -i i I 11 

3 j 5 u 31 ^3^-°-* < 3*3JI j-^- j-flLuxll jl Sj^JI Jli* < u i Afl ^^5^ ^Jc <6 aa , ^^-uaLLI 
l*Jc,Jj — L^jl j < Lt ^/tl l Za j U\ (1 lo < U <tiV dlJj ■ AjJt ill ^A£L <J tfl~~l i-U-U ^A 4 , ifl.kfl.^ < 15 Jl* 


L^ll ^A <JLJ I P^XXI V <j(_i — ^Lolali dl l Jfllv^ A ^jA 


4^ a (_LI 4.~k jL_ u CjL 

ts j-A JLo ,~i i Ur | jJflJj . p^g i aJ I ^-C^-i-xj ^j- 0 6 _^aLul-o (_jj j^ > ^JLJI 6 JJfc ^-fl L fl-i 5 j 

3* 41 "kjj 4(3^1 ^11 Ij -kI 31 3 -* ac^JI ^Jc. tatachyons cjL j^_x 5 Li» ^.uI o 1 a i , <,<<, -% !I 


. l^-Lo A, 1 < tl^ C_flLjjj51 ^J| Jj-pJ-U jJ < U-J 


: J- 03 JI Sjil m 11 CiU^ 5 jt.i II 

O j IJ LqJ5a I 4CjxiJ 3^ £^jdUuLi ^A 4 4i 11 4-1 i A4ii] I Zij Uil I ti.i jjj\ <UjU 

, ^ ^ 3 ! I 1 cflj^ 1 » p^. 4^1 1 4x^j,u I CaLoj Lo IJLfl <dii 4 \ </■*>!Lj 3 ^ 3 ] I p LUj I JI 3 dh r j^-oj 
^Lo 3 ^ J^a-i 3 ) 1 ® dJJj I dL j 4& 3 jL=kj dL5-oj V 13 ^Ld^ 3 -U^J p^4 A 11 4x.^_i_u 3 ^ 

■ 31j <ui 

LjlI I ^JLi < 4 <j U_J I <J^aj 11 1 a >-U < Lo Loj 3 ^ LJ I dll j 3>° I i lj LaJ I 3^(3 

dU-4i_flj J- ^w i 3j - » 4i ^a.LJI Ij-A Cjj x ^ I ^ dLl «JJj ^j-Ljl-o . 11 3 ^ 3 ]] i_> t '-fc aJ ( 

p 

tiL 3 hO-II jij LlII JJ3 cilf.j-m ojIj L-*J$j <^-coLLI ^a L5^ 1 .o 


cJ® <6 jJ-4^a 1I 6 ^ 1 U J . I j*j _i. u^J I <5 ^a. 4_5Lla dijlj LoJ5j 1 ^-ua LI I 6 Laj I ^-fl <X-jj-u 

3° I l> I *txj-4jj ^11 ^ 4 n -hj L ^Ajj ‘Li LUJ I 31 ^ i« 4 _a^LUj I 4 C j 1 .. 
Lr ^>U I I a 1 U L < ‘Gnjjjj j I J> <a LU j_aaj 3 ^ 33^- , ^JI 31 31 j ^3 j»_o .(3j-aLa3VI 


LfiJ I 4 a .fll-A <£. LJ jh >1 ill 1 11 fl I J.^‘ * ^ Uft ' 11 4 jjfc ^ ■ v-« ijj l t i jti 4 n,t. i <_fl^LuXa j 1 11 ^ ^3 

5j^>1 L>* 3^ C - { jic. - U l 1 „ pj-a-J I £ L* di ^1^)1 J_A a Ijj La . LqLoj Ij-f-L 6 jJtO. <_ijU I jjj LaXiC. 
(CiLL ^ LaJJ I l-A^J o jjG-o JL jf J-Uj «Jj L .1 a |jjfc f.j . Af I ^ LaCii cJj Jj| 3 Lj . <£. L ..1 1 

^Ajjll _ 0 jjb jic, 
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^ flfl ■ 4 l II 11 11 <Jj I i-fl <JJ^JlII 6^5LfiJ I 6J-A ^Joj j | Q,^f. ^j-QJ . tiLIj pLu| 

1 $ lij * Arnold Sommerfeld jli j-qj-lx. jljijl j-ILa 

SjjJsLJI jljj j - 0 JjI^^ £sjjj-a iiAjjX. 6 jj *ti jL*. JjBj J fl * o > I j 1 “mj I 

ol a l i ii I j| ^Jc >"> 4 jjJ-J>J^^1I oL^jII j_C. Jjj-uu^La jI (^- A A^ll 

|SkLc. *Li.Tk.i jjuu JAj i [ flTtfl LLa OJAfl t aK A£-jam jlj^j p^i-^aJI 4x.yuj ‘jjz jLj 4Slj-k xl I 
5jjJa3 C LAjjJj 4 i.uxA<j-A \ ^ » 0 jjwLc 6jj jj*lt) < J . - l-iai.i 11 OjJaill j j ti u . > J Wo 

jl.J 6 j 5 lflJI 6 JL 4 j^Ij .Qk 1 i-J I fl J (J < /a I X. j-Q jJAI-J 4 _jLfl <(J_IJ—UL^l—A 

oVjLlLL t—iC.^lj5k S^SLaJI ^Jj ^lr> 11 (jl^ O-fljJ I tlilj ^fl ^_L~k. Jj i O LlxLcuJ I ^Jj LoLoZLaI 

JjLoj ^Jc J-Jj J-A CjLJ^- iLlil ^jialll fj\ . An, <j*iL_o| Cilj lfl-Jj£ j-o ^j.£| 

^LjI (_^jil JilLiJI J!o <OaLI oV jUII j-0 ^-LJ^ 4 U-w\l\ ^jl | I^k^kjj. |J J LuJ | 

^jj I a~> *-* J^.11 ^jJc. J^.| LaJjLLi 'J Sj^-flJI 6 J-fl-fl . ■". I a i j .. -w 11 jA ifli J^rwj 

( iALAi Cuu J O Ijj£j LU I I L$_ 1 '~ i 1 LSjj ^ ( j n.^V L Cj La i.i.ii 'yl I Q^l ^ • A 

. 43 I 3j ^k_iL a CjL&ai uajI Lc < La<^_A Jj < ^3J I oLmi^Jl 

4_Uj£ll 4 t i t lVl ^_A £C_Jjj-ll Jjlill <jl Sljjijlj ia^.l-1 ^jl J-=wV i 

J) ^1 1 oU-Jni U 1 .A U.U.^11 6 j-A j3kjU j >"k fl ( P i <A fill /^Q LflJ Lfl ^y=xj V I J A j \"t 

6j i a iVO*\I j-i ^jjjjjj-JI <jI 4 fl i fl^1 l^jj <_5LL J51 oI ax iii^ ^i i~i LfiLi i LJjJI 

Jj-ojj Ijtjx Ij (jL9^t? ^ jl I fliMi^k ^ I j!a . I 

J In »jj I iJ-UB <^^3kVl ol.<u a ii^ll >,. ilf. I ^j-U3 iaA fl ^u_J 4 i t ^jV I pt ft « ulfxJ I ^Jl 

. jj^J I o L&il~>j 1^31 j oLaVl <juijVI 

jxLc. ^_fl <41 IJ £. < OI a_l -1 .i. »v! I 6 j-A iJj-a SjjLi 4j| jt t-.L ft iTiK II ^ t >« ^Jj 

C—flj -~ i * i 'jJ 4 Jf } ^ j<A ^JJQ p^j-uii fll {jC. LlljJUlil ^jUU J)ic. J \ ^ W 

fj <j I p LcJjlI I i^ilc.1 J fl*U> JJ < <JlL La I k_Li^JI I <tillj_» pLJjJI {_ya J-=x I 

1-A.L.fl &J I 4_j Lp ^ilJ I J-A . La ■_ |1 “ | I olfl-JLtU I ^ya O-LLcw 6 jLuiI ^jlu 

.oLjIjIiJI cJitXJL jJ.ai.jj 


jjaj ^ya L^j iin jjj * Paul Deriac Jl^jj Jj-* ^-Ij c<lftuuaJI (JLuj^I > J>AtlI ^» pj 

€ I {jA ^ > '» - a CaII yi ^il>U jLL’l l*S) tJUJI OfJ I J^Laj 

^^.jIlLI — N^VT ^.Ic £-A till j ^jC, ftjjU. jO JJJ J I lJUJ^Li tjijj J^Uj 
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JiV I j |7| r, Cxi S jl Cj LjSu LU L I i n- kV I lfl-4 ax I 4AjjJa <j I 

4_XCj_ljj ^il j nil > ia'uil 4_l JU P J « A 11 <£. J-UJ jJ=kLk ^)l .(LfLo t il 
<grL^yi£ Uiijj J^LA. v<-Cj_ioJI 6jJb <j-a Jib j > <*i j J_fl < b_u-flj P J n">l l 4j^Jj cj-Jj-ftll 

jj i -•k 11 Jjl ^Li-o p Li I ^_fl cp^i^ll <j-o £^^-cub j jml ^j! 1 ( j j^aJ 4jjl*JI OI a j 111 ^ I Li 
dlj <jl < lp^-i-«a ^.tu 4jli ctiljjj <jj^_i£ 1VL^ .i. ti a ^ Lm^ ^Li La Ijj^ .^_ 2 fcL^II tiLIj 
jJLJI 6 j a ( UM *>jj& ■ a ■ t. “ | j_Sj . o \^y LU I ^ jj Oj) >*">11 icj-uu jjLyj Lalxa JjUL 
^ Ljl^uj I» JJj < \ \X £ j% Lc Pavel Chaerenkov i^u JaL ^ > i > j j ojJ I 

a 

■ <J LaJj^H ((oa^So^-iib 

I JJb ^-iTi i u-flj-J-u <jli <pi^l I ‘Cc.^-uu ^j-a J^Jla.u Jj^SLiLj jY n ii % 4J La, ^_flj 

J£ j.ifti a i lUiaJ I {j) I o LL-u_=J I ^j)Aj“ q ^ ,<^Uj <j$aj <i LL <jjJ jjf (ILL I a I 

(jAJ <J A 4*->ll ^jLluj 4 a LU <j pj^ i^| I 4x.j j ni ^ I Jo.jui i * iTjV I I jjb ^A Lflj -v 4 ~>_fl LL 

JaaJI cJ v>(j .4-IaaJll (j^Aj ^-i ^jSJI 4 JclA. ^ya J£ ^ 4**, 1 * 0 < $ >J 

t jL^UI JIj <j-o 4-SUa ^jlc. J iSi AJ CJ-^I j*. li it ^ £-a jJaLflj IjLA 

coliLi^JL. iLaLaJll pill CjL I > LJuSj v Aj.hI J^_i ^ 1 H jJjI 4.iA >» ^ lu-ifl 

. Cl I aj i I i -v l I 6 j-A 4 j | ^2>C. ( L^j Jj& ^Jc. 

6 

^jjJa-xU j-i C i i l I I -fl. il n L ^_A coL^jLlJI J-C. ^Jc. J j *\a ^ l .a I ^1 

i ^ ^ ! r»~v 4_i| ^ < u t‘ I 'im 4j^Jqj oVjLjua 4 » i wn VI i> * > ■ “ »l *11 

^yj Lu I ^ J jilflj l^-j I jLo£.L 

* JI I 4l Jlj Jj| ^Jc. (J-& CJ^£1I (jl L^lj >iAj 

4JU. 4lajJ ujSlI J\ jl* cjIjJ ^ L£ ^ iill j t jj-lu I Jj 

■ 4-fi-li-a 4olaj Ciljl < < » ft ^-L- c-flj -lxi 4j I ai <J1 4Uljj Jjjii 4jlfl 


1 

Jj *I ^lxjI j S^- 4 —iii 4 J ol -i-A A L j ^JLc Sj^aII 6.,i..^-> p L*. ^j-o 

Kurt Gdel Jjjjjx o jji ^JL*JI 4j| .S^lILI <LuoL^ 11 oLiLiilSVI jj juaJ I 

4_*_iL L_JI— 2 wj cidIAbl I— cu a 1 \ \ 4_ftjLs cbL_^ ^1 Brunn ( v u _i ^ 1 ^L_c 


179 



^ Lc. 6 Ijjl5kdl I J l^la j 1 1 u.i & <Jt-oL^i Jj Jj-2*. 3^^ I d-£j ( LZtijLuj's nt>J 

^ If ^_fl t Q< 7, i < iv I Lo jxJaX-l ~‘j >~ ^ I <<Ljjd—a <LlxS ^LjU dlid d * ij < N ^ Y • 

j i f ^Jc i i Luia] I a lr. 3 I j Lxj I ^ ^ I I <jr^ ^ - 1 * JI wJ Lu^ L^J I 

U-i-J-4J I ^ic (jj in » III ll I CJ L n -J I > fl ^*Aj J-5 d-C IjJflJ I 3-® jk Ltkj (_£ I 3 I .>1^ (J-ftl^ 
. <xUL-a cJjLlc 3^ 'Ll dJ }Lfl d-ilj ijJdil lima (S ^ ‘ 4- A i5\] I <s** A } 

^ I JlaJLuujLi t [-^-iln^k ^1 jk (irVj ( dlld O I j LlX. £-y js> oLuj V <G| J-id_^-=k CuJ I d-flj 

Gdel Incompletes Theo- Jd>aJ JUl^VI ^d_c «jjJij ^L dlld • dcl^UI u ^su 

j£ (Jljn ^La ^L.u^J I j_c. I^LI ^qj_i/l -*f jjkJLujjV I ^Jc. d jj-® *L I dll j rem. 

I 3 ^j < ^ ^ V \ ^ Lc J^a <~ul£! LoS U > i Al L *La Llj <jjL-u La j_utj £• ^Lxl (j ^ a-%1I 

? l j r ±u d-^k^J <jl tj-a A 1 I 3-° *Lj I ^ >■* * ^ d J . u J A 1 pi nlfj < i i-tj^L&]l ££.j-i 

- 4 »k^ 3-® *G^JLO CjLuJ ^j \ ClI V >_■! ^-vl I 

I « xj *j «laLftJVLi 3 ^* ^ 1 ^_ijl_ a 3 -*^ c 5^1 j ^L» dUd 4 i Loj j % .>ti t 31 

^-c uLlJI j*dc. I j K 1 Ji oil d-flJ Epemindes ^^jdla-uI ^ L aJI 

.\J 4-0 L^ildl ^jJjkjll Jaaj I oljUxll 

<UaLL 6 jLl«JI 6 d-A 

£_& ^jJz£ Luj La J>-Aj * A 4^0 L_^_j | dUd A -a. i * SjLulJI ^J-O 1^)~1 &1—L-fi 

£_a 41 A-flld"La I 1A 11j i^Ma.o L^jl dild ^ >t afl <<jdl^ SjLiaJI 0-»(^ ^lj < L^flj-Ula 

V 6d-^ <-AA -=k, I ^jl ^ ^<AialA. )lj «t-k 33^ 01 0^ ®^ ft-ij ^ 6 jLlC 3] • l^Jijia-jLa 

3-ujLaJI ^-uLJI 3 <® u|j ^ Lu 1 \ ~k iiLfliVI ^Id-AJL*.<J 3 -® I a> 

jj-fl ^ Lnfl Jl 3^-|j * 3^^^ Lf~* C--^* (_pL- Id ^ ijd^. <uJudLl* ^Jl^u 

I ^■i.iili ^-fiijull 3^ I <-il^. 3I cJ^dj^l Jl I ^d£. 5-J^laJ (j-fl J fjti > \ > aj 11 Jd-^. 
Jd ^11 I d-A iaj I dij S ^jJ Q dil ^J| (^d3 4_xjld ^Ja-J! 


^ I d-® *« I cld*^ ^ IdU i j ^jC. ^1 tdJj JLLa 

I — . c_J L-u ^i AU U Loj IJ ^j~i.-fc » li *J I l S Lai I B L Lux | Cj Ij LaI 1 d j-A ^j-Ic 

• JjL^jVI J^L-«aJ Lux LAjLjjcL <aJLa*ji! <jjlj ^-Jjill jjijil) ^jaJjj i J> 1 (^) 

^LAkjjl) — * l 1A«II <111 ^jju-a <«6 1^4 <^JI Jaul ^j-o oj Ij J » dJ j jja. <-J LI I <AjjiJ I <jVI jjJuj 
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* * 

<JjL^q ^ LuV JIaJI {j\ <J j-Li* ^ (£jsjxA\ pISUI (jtj J>aD L^jLuI 

. oU-LaJI 6J-A t JlLa-» ^ IjjJ I ^jlc. 4^wlja llmfl'iV 1 l fl 

£j |jll Douglas Hofstadter Jill ^^Lajj <_jLi^J L^Lul JJj JJLo j_Sj 

-a l_I A I ,.. l ^_,tsi J\ ^ISLaL ^uJ Cl tjj-a. Gdel, Escher, Bach. 

j* Q1 ij-ALijJI O IjLui J^-aj jjl ^J-i^ j* * o I ^j-uLfl *I 1 J-4 <> 4 5j «tj I 

~j I / V-J ^iJ I j UJV I — ^^L<u — [ fllk . a > Lh l j-— -I ."I 

* . i Sjj. it < lL-, a <LAjlo j 4ij*i ft a & X aJ I 4 L A i <4 & .UJL I 

Vj <uJL ^_a V ^ill 

-t .SXCJJ CiLVjll J-»J^a. ^2wLb LljJ-AJ il ^Jc. ^jlill ^^LuLuijI JJUj 

<J a-A I O-i-i I 4 i.i i liJ Lj < 1 ~i i ti > 11 Cj^_J I £-a ^LaL^j^o <^jjp i ii )^ii I jl ~i t u I 

. *• 4 < *1 A j 4 11 i la i J j <J 4 t i ..I I Lj C*- 1 L£ 4. t i j ii 11 1 4 lA i ! ) ^ \ J_j ^ I i jyk (j^J i 

6 j_A ^-A I . L^J IjL. Lz^j "i ul..a <_»jJa_JI JjjA ^JLc. t Ljljua * j I ^j-ja *A. iui)j 

^Jc. (J-aJtJ ^HJ1 4_> i jl -vt 1 ^Jj ^ *\ £ \ ^l_C LfJ CjLa-A 1 t ill.I 

IS dJjLL S^ij Ckl^j ^A* >11 ^Jj 1 ^ i A a i SjLLI ^ a -A ^jLi jL^il 

j\ Joa^aIL rjljjj 3^^-° ^ ul^? 0* ^ ^ lA-° ■ L?U J 

• (^10* ^ 7^^ LjJ^a. a Ijj (_£jJI . JXaj ^ J,.U>.i.lI (jjSil 

<jLi <(J^LLjj . 4J^a. pLjxjVI <iLS ^j -0 I L^"». ^ IjJLaj 1 a 

*<ij^x ^ya l^f J LjJjLt i<L * *Aj^0 oL^ L a m k-JIj-q ^ 

. 6 I^Jjuj La I ^_yu-A 


Lo£ J oa aa IL < ^q Jl^3il j.-'y. > L^lLi - 4 l"X 11 Cj I j *. I i-v VI 1 Ait^. 

» T ^-4-5LLJI i &i* » li<b st ».\"w jj . I (JF & jljJ A^fl fill (Jjuij 

oi (II ^ LJ I < u-%. jJI j_a l>UI <,i > * u <-JI tj IjJI j^o-uVI 

ojL 5 1 flf a j lj j ^ y (£ I (_£j—«-4 lj 5 j^aJI I ij. % \ tUJI L>4J <<-SU=JI 4 _Lo ^Alaj 

4 a ifl Cj IJ 4 l~l^ > a ui^J) | ■ t'N i ^ l^o^U ^uj_aia j-n. i^J 4j I -Lifl o J • 4 i I~l5v 

jajLaJI lift jLa L_5 <jja i rtlI {_ya LclJj 

jJ-^-^-J -^LjLa Jjjl^_i fljxj j-^Lii I ljJ6 LjL^ « 4 J.a < M_i 4-1 La. 
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<ilLaJ. I I ^ Lii <5>LJ I Jjajj I I Cj Qajj-^o 3i>^ ^ j-A ^VI I j-A 

^ t —V JSLi) jiu . ^Sji I 6 jjb ,_j Loju Li (_^u-Jleila^ <ft ^Ic, La 4 null Li 
l ^-.j-A «■> <jc Oij-3U V JaLilll 6 j_A ,«£*)) J <«CJ» <« l» -LaLfljJLi <-^Lik < qUUjjA a <J>C» 
^ya 6jLuj| <il (Jilll 4 jV dllj t l^lu La±i JjLXq j-u*G {y> 4-aJ * Lla-Ju ^A* JI 
JP^juuiLj I l L ^JhJ i Iq- 1 ^y& Lkl I I £j (-». <j I t^-llf. ^jaiU <liflj 


4_l1c. i^jIi Loj l ^ fljJ I (j|i £-o j^lIj 1 <£-j»i-u 

C^LS IjLfl . 1 % u- r\ Ij^a ^yC. cJLo J-S ((jjSJl tjLia (.r®) CjUoj^-^JU Jjl Jo^Oti 
«I)) 4 Uiill £yA LJ. At J^-LJ <j Li &j-it^ ^jl^^ll 

<f-_Juud I <X.^-»-u ^Ja^j Jjjjj ^ I <<j ^^-aLaJI Jojj ~k 11 ^j-o S^j-LLl-o «i_j» <Ja_Hll J*Ai I 

«l»‘tkiilLfl i K^it t^UA> a I j_A jjI ^jiijj V jSLIj . ^o—Y^ J£xiJL ilq ^_a I 

.<1^-0 4-UlsJ ^ P lj-uu da, Lf lc. p LiAfi llj <jV>ll ^ £-ti»>0 Jj-G 

Jjjlij jli-o jLuj-a ^i I jj-U IfLo^JI ^j-o <xl*. a 4-Uflj iti I J_u <j I 

^IjTlVI ^)-Q JVVI ol^ttif, <JLv^JI QJ) iGjuj I _jij ^-1-y /■ I \ 1*\ QJ LiLaj 4 jIjJI ^lill 

. I 44 a-j Li) I oiijll) ^»Ls 
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y 4 

\ ^ t jJ-X-OJ L_fiP J) < <nl I O liaj^2h-0 cjj-® ‘ Ub J U3^ 6^ ^ (o—V Jilij) 

LilfLo ipXiJI A U fltl AJ A-L^j (SJ- 2 *^ AJajLl ^j -0 (jl j-fll lai- a II 

' _ ~ (r t 

.{. J. All A^jj-ti JjLJL <j I (J^Si i U-ojiJ 

/jjC 11 ^ Ir f 4 fl_i j-LJ | &.lfli 1 fll* ^ I j 1 uto ^ Ifl t ^jujAJI Jeoj-a In i «AlL i Li_A 

AjI it> 1 ~fc.i .jl<U. pia-jl A-Cj^uj l$aj . jfcLc <J^-h A-C,j_*-lU (tJL?^ o I 

^ uljuJI J)-o ^j) Uflll jl.\ fill ^ Lx. jj -j I \ \ 0 {jC- 6^—a-C. XJjJ V ^ jj I Lk-JJ^l 
6 AaLLo AI^j j Arfnfl I Lfl *A^-j-oJ I 6 J^_i jJaa] L jjJj Ul5^ 1 U ^ s>[5 * ^^ < -u ^ ft 

(JJ-lL AjLa JjJLLuuj PjiA II J^Ll-lL J I JJj ft . f I^Vl ^j-0 <J^-L) AjLg £-Lu AAjj-LII 

. 1 \ ft | J_» J A Ufl\l I ( jdOJBLlJ 6 JIjJlU j^Lc 


<<Lu-aj oL»SJ-O p Li J 4 K . iijJ I a JLA A_lLl£. OLjt X^j-j ■ LlC lj 

0 fi f_ t ^ 

1 A tin VLxji ^ii-J ( j__c jj I jo_c. j ft i u\ I J| Sj-a tjj-u Jjli-t T i t il <JjL*I Jj>=* 

e\ i Axle. I pj-lA- 1 I O Uajj^a (J_uaj IjjjjJ I I LuAj I Lcl^ . 4 t i.i u\\ I A-ij-lga.il 

AjI ^jL 0—aL^ oL Jjjl N vrr (j&j .A iU ft a j*i nj ciljl iii ft go.u ^jl 

SjLo j j -wj <Jajj_fcIi jALa^Li UL3^ A Ij ^11 (JjiaIJ 

. 4 tl fl^ll A_lA Lea A_J Lc. Ac-j-uu <^yfl(SJ I jJilL A.i,ijJ < \ a 


: Ail OjJI J 1 11 iii 

_ t ^ 

A-jt-ol nj <A_»jjaJI Sj^aII 6X4 ^.xi (^xHj * LJL^ Frank Tipler j-Lj iiLjIja (J-q-ju 
(J L -q jj-fl (£ jo.1a “i jj-c. ULc jo. tX jo. ^J| j i *1 a jj . jaLiJjjlj_ij ^Tulane jVjj 
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^ j-i^fl-JLj 4 _lL \ f. (jj CjLiL iii-r-k \ 4 fi .a <ti I LiLt-eaVLi jkLfl <«■ L j.i fl jI CjLj-uoLj 
j] 4j I i jJ I jj^J I ^ I 6j L J.A. ~J I J IfL-Zi I jA Jj-=kj J I A ~l -k I 

fi % , / 

<4xajj jj^J I Cjj-oJLjajj I JJS Cu tfLl jjj_uj jilj LSj 1 > A ~k j-o i a JAj jJ^ I d j CjJ-SJ 

IaJjL j&i\ 6jt 4 .A -J 1 Lijj$ Jj-lc. <J-Jj J-A jSU 6jl > A~JI 6JL0-J LuaLu_=J jkjx jjj 
LJ^ (j- 0 jl ^ jAj i»l I jx 6 JI Q» . <r> jx^k < \ ^ A • jk lx I nil JLuaj I JjI jLi . ^ jj5LII 

( jJij < jx^kll dJj jjlo Lli 1 (JL-cajV I ^ I jj < L^i Jat. ( c.u^ ^xll New Science <1 ^-q 

^-j-o Lj] I 4 fl 4^-aj j^Ja -L5 j . 4-ij L-4J J 1 jj V CjLax * n.ul I La IjJjk I ^xJ I <J L1 . ..-k j I ^ 

oL^-Lua jj_»JI) Physical Review <1^ _o ^ < \^V1 ^Lc ^ 4 yixjJI L5U 
(Rotat- 4 11 jjml I jjxLia] ^ Lx jj,^. J !■ lj Sj IjjJ I ol-j IjJaj-uV I»j Ijjx o^j —T T * V 
<cUj ^ 4 x jL*il L «ing cylinders and the possibility of global causality violation). 
Ijl Lax. 4jlTLljj j • j-ajll jJX jL-aJ I 4_LaLcu_u ^jJLj <ti.ni iill jjjLiJ Lolx IjJjxx jLfl 

jjikJ 4 ijU t 4_ul^-Q I 4-fl i I )) :» i Lk I cU j J lj.Zk~i 4 j_»I I Q 

. ((i, .a!^ 11 4 i iA4i JI 4 i^-U. il | ^ Lu-n 4-Li-U-ul I Ld 


sjil <^LJl 4^w^J I ^a 4 tC U\^> Cj Ij) U^k*S JjLaaa 4 a uAaI jJjj ^ < oj jSj 

cj^jLjlLI cj-»I jl Lo j-*-! 5j—^lj I ^ ilf JjJI < 4 JVI 6j-^J ^yljVI 

[ji -klj jL.4.11 dJj ^ i< 1 Lu 4Jnfli I aJjA-IL jfiLox jkjLj Lj jJo-» jt-axoj 

JJ)K\ A ^JA I . .1 ’ll 1 I J_A ^-Ic- L^kV I jj I L Llj I j J flj < 4 -L^.jJ I jfl P j--TkJ 1 

s ^ _ 

Brandon CarterjjjLS J^jjjljj jJLi ^il^JI .<_jL^jVLj 4.x j mill 4 jj K JI 

jj-i-u l .. i a i ^ja i^jj-SJLi j I^ajJ I I I ii.iui j oV j L*. 1 j l \ ^ A ^ Lx 

' * * 

^kJjL-i jlu LS J . LJ Lx 4xj...gj jJwLj 4flU a 4-ua j Cj I j i i ««a ^Jx I ..Aj I j Ij J 

Ijl La t ^kX .j_jOj_^J! 6JLij J->J-Tk ( jA 4.444 Li Li l ^-JI jjJLx 4‘Xfj <<LqX dljj 

6 J-A <4-1 ax t Ira I Ml jl (J_U—4S ^_1Aj j I * II a Jj^ o^lxkjU LijiioJl I jjiaJJ LS 

Ajj. v-ii Lj^Loa ^JjjiaJI 6 jjb (j-Ua-v i (jL^ Ijj (a < Ijx^lj .^LskxVLj LiLkVl ^jl J^kj ^J^.I 

( 5 # f f _ § 

. l-> L-k.iV Lj LLkVI jl <GLLo. O i u L-ouilj < |j_JLl 4 x^.Lj jA (JiVI ^jJx <4xxl ilrwft J 

x L^aJJ ^^fjJlj CjLLia { jA Lij-AjsJI 4 4/11 ArfiLl Ij 


N'Wl f ln 
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3 iai jljj-dLi .6 jLjlII 5j llxll SjUI 3° 3^ tl>/ ^ (^ A ^ a 

. <LxX LxW 1 4 i-v 1 'if ( i ^jr\ 1 ^, I 1 A-L^J <L ^li -0 jLu -0 ^^Jc. ■> (_ykl ^fjL J^* 

p fj < w *Jf IL Lfl 4_ij LaJ I 0 1 J^-flJl Li < Jj ^-i Lfl (J I a i % V I IJ-A I ijj Ij . H fl fl 

i y A ji oVL^JI 6 j_A ^jij .5 jLlU JjL&j-o j_i£. ^ /> 7>"il jl fP I Jjj-uJI i^j^illl jl ~k fli V 4 -a^HS 

j-A ^kj J-tlX. 3 ^Ij_jVI «t^kj 3 . IjljJ L^»-a <jAji_JI 3 j£-J V 1 LaLoj J j- i lLxall 

* 

. Lr. likuQ I 6 j lj jJ I <j j L*J I 5 Jjii. I 3^* 4jijil 


. (W J14) 3 4_u_oj <Jj ^ uix^vil p^j- rt Jf oLLaj^^^o jJ- 4 -® ^IjLlL-u) 

^jlJI £-a I <( )) j tt^jjj)) <p L.A ill ^jl J-*J UlnL l <J_j J-JL-J I I J-A ^i»fl 

<JLi (i <_ljlc. 6J^flX I InnJ 1 1 1 A 11 1 Jjj I JJL -J 1 3* ^ ■« ^ » 33^ LjJlI 1 l^i I 

* 3^1 cj I -i&^OLj < J_i J_Cj JL^a 3 ) i-u-flj i;J -L <JJ IlL» L IjjjJ I < <_tkl I 

LL iuu") lnifl 3 ^ ^ PJ-iAlI CjL laj^^a 3 s J ifl~ ml (_> 3 ^*^I (£3 ^I 

£ J_*—J I ^1* fl <(J^.«tJ 1 ^_fl pJ,4.0,1 ( oLlajj n Sj^-iLI j_uG ^1 

Lai^j t J L* 11 Ini ul 1 p Ll A-fll i L£ <J jJix^> Cj La jj A1 I i <ii-kJL-iA JLJ.I 

* ijj *tu_ujJ Lj . ^ I jj ^J / a L-j I j £ o LLaj^kl I b j-A 3 *^° j I j 5 j I 3 ° ) 

4-C.JJ-U j^jLkJ |%J_C 6 J£. Li *Jj-» j*-j £^LLfl <^jlx J-I-C P^y-<-Zi I V £ I 

ii La i <^.lv<-£iU p 1 jAt-fll I ^ji t •% 41111 JJCjj 1 £ lfl 'jj- *L UaiilL J .AjjL-u p^j_i-£aJI 

» (J J -A t ^| p L-AaJI l^flj » «^jlUI p 14 A flJ I Cj IJ <iln'i.l I 6 J-A 

f " L ^ ^ ( 3 *^? ^ 33^ 

jj-A <3^3^ ^ ^ 1 ^ 3* *^ 1 J OUaj^l i cJ- 4 -^ L -u LJ I 4 Ut-w ti I^ 

I J-^-l 1 J a - j ^ i 3 ^ 4-L3JI L^il .<_^.jJ i 0 ^jC. 

^jla! I (g jjkJuxL I ^ 5 -Aj < «^j-o ))j ((jjxi » 3 L_LJ fL j JJ aJl I ^ 3 ! j.li 11 ^jC ^ I iiSiuiJL I Jaj^A 11 

,pLaJI ( yc. 
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^jA I j C-fi^LU (jljjjJI OlIjjLU 4±&1 I 1 l*\ 4-j l^ftili.U I V J^..l) 

^jb 6 j-A . ..uj Ail I ^_jj_^JI Jl^l I a 5 U\ n p^a^iII o LLjj-^o * “ j L^» Lfl^ ~v 

i_flj ,i,ij ^IjjjJI A L.Ck.jl ^jxLflj Jjjj JjjL_ak cJjj <‘L_i_LoJ^J I ^JLj <JV d » i I.l i >-V I A^SLaJI 

, # 

. I <—J>11 L» ijj-a-o ^Jb La$ I ^A (jL^ lj dljAUj 

£_jL <La (jl Lf^-H t l iit l l OaJ ^ I jJ L L j ^JI I J aj j a! I J=»j-ub Jjj 

4 fl t » , Atl 4 .u jLaJI ^ In ml I p l iA flJI 4 ck'ifl <_jAl^-o 6 I^j LI l A- iJa < LI 1 

lfl_a ^| I ■ »A.Vi < ( Jli 11 a i p Lt-A flil ^jlC. ^aLuiII ^ ^ J i *> lj 

jl**! "fc i J)l j-flli nil <Jaj^iJ.I Jxo ^ja 4 a j L 11 | 5JLJI ^AA .^-ijinll <-La Jj-^a 

Jj—^ Ch° fl JjjiLj <j| — ^^jLaJI jJa-i 4- {ja “ J J-JJ IjLfcAi —a 

!!^^a<nil ^JcJ ^] (^l) *>0^ c^l ^L-aaII 

!4 h-k 111 uuAj ^ UL$^^ LT® cjL^-o JS ^jA ^iLixil I 1a 

cJJj <Ja-uj | 1 A ^Ll-o <JjLo A.1 >*C^ a I < jljl Lo Ijl ^_aLo-J.1 flj Li5 

i # * 

^^jil ^aIjJII jl inti ^A A a <nJI Jfl LA I ^jJI J7 jJjJL Jqa fl-j J-ul 1 

* 

t> 1 ^ a Aj-a ^ * Qt I L&jIj ^ ! *\j 11 j^jlj 1 aj^j ^^ (11 1«-^lj 

J^JU J)| <1^ I a Qjj Ulf ^j..fliij . I ^ l* u 1 * j-fll iiil I Jn t ^ t Lajlu <p t . A _fll 1 

:cJ]j £jc. ■ J»a*I«nt.l ^1 <^.ljj| 


186 




p * 

{jA L» t ifl"X «LujLx £jA JJslAJ <jl 4 i\ Aj I jl i i l A ^jl 

A I - . f ,4-LUtl CjLLj^^JII 4 0 L *« -a ',_ tA.Vi ^4 <^LlA I 

.5jIL ^Ijil m» 11 <Lj^L-o jjLi^ tji uJ J 4jjj| J JA? 

.P L t u (J ^iLcuJ jl * U^AJ clijjj 

jJjt-ij L^jj-Sj jJI Cilj-fjLoll <p1 itj > ijaLa O -0 !^ c£ • i->^ ‘t*bM or* 

( iin^ Llj I Jfl . 4 i\ 11 4 * *Cj 11 p Liu 1 4 U “v I i i <i n ^_fl £JLj 4*i HLa 4 L-> Q > > 

tJJj «^uj mil pLoJ-5 ^yaj Jl aJ^xU 1 Qja>\ Vutu <jl LijliaL (jjii J* 'j\>fll 4^iJ ^ 
I I * • ^jL^-La J ^jj=kj Lb Lj J_2kjj i LAj^jlIxo J_5 ^-A l^li J VI i>tj V 
p Lul (j-* -i^.1 Lj> J I jit jjj-xI) 4_a-i L~JI 6 j-A JL, ^jA* ill Jj L^i 

<j V Jj <J I -\j.t <iV tilJj V .jjjill <_oJ_fllll oljl iA"kll 

p i <A fllI 4 j$j_a <jI <ii fl~k J P Ijj-xJI I Jc. . Jaj CoL J_5 I 4^?£J1 

JI>JI ^jiJj . <LfliaLA 4 U-kll Infl fl OIaj La Ijj <<L>L$-i ^I_j ^ > fl 1 ,,, 11 ^j|^j[ «r~ Q > 6 j A 

^4-iJI cdJj pQ j pj_ill ^a i ^ (^>-^5^1 

* * p f p 

j-5 I <L&j U <£& J j 1 «“'? ^<j ( >* cliill aa! J<a ai 

4 f \o j oljl i.ua 4J^. ^yvi"; ^i jl <^ljjj <n,j_uu J\111 jx!> I it t iL 

'UP^JLHH 1 ^ ^ cUAii u| .iiii-o 

t__>Aj L j>- ^v i | j£. jxC. *l5 JiV I ^Jxfl i 4_i_fl Ijj^. <Lj^ .u i ji^Jj L^-La ^At il I I Lai < I j Lui I 

f j; L I I CjLlAjLIj <jJULI Jju ii i—flj_3U^ !4_u Li ^ Ila \ , 0 ^Ji ij-A ^ 

■ Ju CiLLua 4 11 A i > LI 4 _u^5 4£^xiJI 6 j A I 4 . t. A \ II jfcJj Looj i ^4_u Li 

V 1 j ■ >/> < VJa l^xajilt i \ • • JjjC JIj V 4jI^Luj| >— x Ilr>*i j ^Lj oLLuia ^jj 

4-fll \i \ j ii< „ul I <Jli jL\la I jjc* (S3~ x ''* fc ** ‘ l>Lajl»-^ Y • Jl N • £jC. J-ijJ 

(£ I ‘ 4-jj L ^Ja—A \. 6jjJ i uJ Cjj IJ 6 * fl i 4j IjJti jj I | Jfl , jjjj *» 

. 4. A I Jj Jij jjXL u iijL 5 jJ-o ^jLi t Ujfl.fl 4_J| j Li! I Jijjj^ull til Ar.^yuu i qI • aA| 

4£^aJI La 1 a tlv lj i 11 lifl a LLa La I * I« ^ ^ ^ < 4_ i * jj^u 4 j <^ I *• a-v Lu I 

lj-^-i Lrkj a U Lcjj 4 u-a ,j I 4_i_fl ^L,4i V Lo-a . 4ALoJI Jjj <J] p Llj I ^ ^4 .jIUl I 

• <j|jJ| Joa^-u Jc 4 A 5 JJJ-U 6JLc. Jt jjxll IfBl rCiLjti^ill {j* JjJaJI 4fl‘t7\~ 


187 





' 11 v ^ * 1 “'Jl 4 j^LoJ) 0^ i(^aj.* AJ I Ij-A 4j_^i ^Ijj Lo jjl 

<fl Ojl-o ifLi-uJl I Ij t I>Lil I iiuL^. I j_i£. j-flj-ulL ji_a-i-uj 4 i n h il I O - JLuo I ^$-A 

JjlU (iiLill ii I _l^k ^ ill S^5 iA J-^. I ^-i-i I - ill! j jtfl'vi .Lul^J 

JjlaJL jj^SL j-Ll <_» JL5 ^JJI ^^ilL < >.i t \U -<^y<i\ JjjSLi ^ V ^L^aj Lqaj 

* ■; f j , 

^ lie. ljJlj_o UL fl t<j^ * 1 < nl L»jl_fl_s^| ^jioj Lo_a < J a « > J-c Jj^o (jj£J I ^-fl 
,4w Tki-o <iL=J ^Jl ^c«aLLI jiu^J ^I'lim * I ,Jj <pLajJI 

it La ii LLs 1 ^ 1 klrk.V Ij ill JL^Lzvl ^Jl ajLjLVI (S-J^ l Lj- 0 
j^j j ^.jlx. ^J_a < 4-ijj^J I j LjjV (j ii jjjJ I fl >11 <j La jV I ^J | >.» i < L$5i u Lo-li 

s* 

^j_c jLii In i iAIL <L> i>^jJI Lla iijLlll LqLoj 4 Ail I 41 Li 

< gJbffiLajj (—flJ Llx 3-» i>-u ^ 1 lini oV I ^ JjjJ I i^jflJiil ji a JI i, I^J I Jk 

0 % 

<j(_fl <^Jj£ll r (Jj <1 LUiJ jkj. fl.-l.fl f ^ I j. 1 > ,J_A-JU ^JjJ ‘ '^"» P Lli Jj AJ 

.4_liaj ilj ^Jl 4-Lj.~k l J.U nil I ^_j-Q 


: j-OjJI uiSflj 4^jgjJI u) ilJ) 

j 5 ^ LLoV ill j fl iH (J ?ujUal I j| 

l _ 1 fl j- 1 J jl ■ A j-*-uLi ^j-qJjl! I Jo i u^J I O-i J Lq ^jLcj-iju t <JJL 6j|jl On • ■» i 

c — — — * 

Jjjj jii otJ L^ (3-0-® 1 ^ Lai j <*4 fl-U. 11 iu-oj^l I 01^ Luui I *4 i uAjj O 6 JxJ ^IjJULMja 

jiUxJI 4 -fl I L j-i ^LUI 1 4 A 11 ^ fl 11 jL^LJ p L-43 j| LAj-Aa I.^a ^j-lJl ii-a_^_J f ijljJi ^jl 

p # 

pL^-laI! 4 jju 1 s _^5 0-1 lj| Lac. <fL. u .J i i Ji/ii i I I. it \ i U 

U.4 al jj_JlJ 1 i ^Jcj . (JJL3-1 J^-A J. ^ ^ L (( ilj fl t A 6j^ 4 rn)) O Ij Luui I ciLL p LxtuiL ^c_a i.u.i 
^j-o )) 6 Loj-u I La a t^^cojJLl 4^-uljjJ I 

L J i tJ-j-JJ 4f_j vs-v o Jll-A j ^Jc c j_k_Cj L/ -p >p I . a JjlI 1 Jj-a jt u.ti 

(J 1 a C. 1 ^-1* »Q J i rf**! fill ijL^-i ^J| —i—uu L-o <_>lc Ij .j j.4J ± Q Oil — aj OJjLaJj 

iLarvI il I^j (Jj j ^ 'I Lt JX \ 11 I <aIAjJ I ^j-° L-i-» *^-SLi^-oV I ^-11 fl^5-4-*J I ((J)) 

ii-'iiiill ii^Jolil ^7 l-i<- lA. il 4 i a^k \ iil^J J_iJ Uj&i tjl 

j 

. ^J-Ojill Lo Loj ^-aj^La 4.io LJ I *4 t. u ull Lfl i <«u_a j <1 \ 11 i v. Sl^ OI^JL-i jj^J i-° LJ 1 
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<_u 1 ■ A Q 4 l^ j Lo_Aj_=*J ^jilaal f^Loljj LjJ <Ji| 

. j j — w~ll I a t^yst jV I ^ L ^ > fll I <Lol^j L 1 1 -.I* ^j£j 4jj-A teyuz Jf LcjaJ 4 i a m\ 1L 

lj > * .*I*X a i a (Lo J i'i a 6 jLA^ oLul^J Oj Uc j La IjLfl .CjLcLJI J-af ^ I r aJ 

< * I *\ 41-V j 4_I J^ LLW I ‘iSj LL^JeiJ iJL» 4 -v ~i_fl 4-J-u<aL I 

‘ Laj_A^ Jj-fr-o I Oyualj d l L > ( J_1 L j J fl J l ^p-J £\ U 1L . <L±ji I 

. dOj jjLij^Ja dlL-A ^j^Jj 

La^A 3 Lo I 4 _*_iAj «^LlLo L£j£ >lj <4.ji^l I < ^a Lo^-=^ ^ JVkhi ^jl dl o t < VJ 

f La^u_U ejjLaJI £_^Aj - r11 4_*jJ Q » ra.«.u dial ^Ja . LLL^JI 4_ujLJI ^ j ill 

^ ,<Lkj^ill <_A—Jil! jj-a L-uii Laj_a1I ». Llqj L! ^-jLiiJI JzJI .<ljjx jLa-zJI jj^j Lo£ 
jl^iVl i yi Jj^il La .1-All I SjLAzJI ££jl <-SyuJ J-a^LjJ Lj . I_A^J V La-O ^jAJL_uj 

. ^y=»^xJ L La j 1 aL u u j^I I ^ Lj La < 4 K « ti i I 6 d-A 

4 i.ij jjjixo 4r j .,, i Lfj J^UojVI VI dl llf- Lq-A < \ _l A JI LAj^A ^jJ 4 fl L OjJ J L&A 

dll j ^jL-luj {_)-& {j I < 4 LJ I *u jJ I j lj^ i La j iaj ^j> < Lo 4 _a L-J. p^-i^J I 4x-^ i < J 4 \ < n*>J L 

*■ * * * 

.^jzkVI ^-»-oLo ^a LlaIj_J ^Jjuxj tj^olAjiil Lh 1 -* Lj-cj La^a ^iL \ ^ji 

LjjJ I c_jj) JL ill 4—4-u JoA jI5\ ^ijJ I L$_1 .Li.lj^j I 4 i i^laj I ■ _»t ^ * a 

Jjj-i-u >wJ.A J1 dUj tjj - * (^- 1 “L5‘^^ t—>J) .ft M1 4-a_ 2»> L^il I i 

J-a ijj-ui O^j-^J J.A I La^J l ^_fl ^_fl A > (_^JI j-AL-JLfl . 4 -ojloj Lf(_^ ^J-o_3LJ 

j- 4 Lxdoj ^^jAajJI J^Lflll -Ln 4_15 aLJI I 

(3 j* LJ jxj < I^Ja W LcLJI <j$LJI LajJI |jlu S& j_aL_JI < a j -v I j Lc.L_u 

4-J-C. LJ 1 Q i l r> i Q J I i I 6^J I I j U i >LLo LflJ J «"■ 

iu^j I LajaJ I ^] <jJj . (Jyj La j ^ ^ Lx LJ I 4 _a^LJ I LajJ I 

^ 4-C. LJ I Jjv.a juu LJ I di-J-^^J I Q * L t 1 uj fl i LkJ) 4 ~>L 1 _l nl | ^^o L* a UA o 
La^aII L-° (5J- 2 *-1 ® ^ ^^a ^ aJ I j jjlj Jjl ^aLu_JJ jioj Laj jJitj 

5 lj_iLc. *4JJI p Li» L ^J| dUj ^ ^ * j <(_^Laj N • <c.LJI 4V\ LJ I 

«j^ Ltkill ^1 

oij ials ( _ r ^UI ^ <lL^jJI aX» Q t 11 5J] ^A JLJI j-A Lalj 

L>® LoJaAA Mj li iAXju u .L( ^A_lJ I ejL i LAjI ^JjV I { <JVI p Lj 


7S9 



Cu^Ll ^ LaSU <£. Lu pjfl. fl Jfl Jj£_i 1 1 ^ Lb^l J-JLi ^jVtl I | <x^ L.J I <Jb jil I 

J-aj Jj_fl J i tj i i I Jjju ^ i Ai\j J I tilt lc. j> t ^ u <j I jj-A llA <j_u LuV I 4 li 1 11 
adij I 4 _r_j .. u J_a 4 -i LL Li ^ ^ ^ JJ Ljli 4 £.^ lu j Q fl I Laj I dL I I < ^jj^aJo 

^ ^ ill | 5 j.a 1 j f,^ ^x I^£. I 4 -t-i m Ja ji£ 1 liiJfti i jl dll J J Lfl < i— J I ^JaA O j^ftlui ji.uX. 

jx^_i I—a Ct-u* i.l Jj—ua I -fl., ll I 6d_A I c-i5—ill ^-lAj—fl Jjj j-ojll —A J-a 

t—j^-A-i La^fl < ^j-J I j^jl ^ l£ - ^-A-faul L 4 aLlII I <jj IVil I Jj-ujj Jj JjjJ I J-i-u LJj_a 1 I 

p 111 jJLalsk I J <jaj] I jil . i iiJl 4 -Ij p Liu p L» j >iJ | oV J(jl-o Q-k fli ii jlj » :Jj^ 

^_A ^x^-UjJ-loj^SJ I (J-aC, J-a i—fl II jl . ((jfl i*ll 1 Jc. JjJj V 4-a J LflJ I jxlc, t-_fllV I ^_fl Sdiklj 
5 f 

I I J_A Jl* Jc. 111 I »_«j l il 1 JjJj £ul "y i oVjLjJI Ju JLluII J-loj 4_iQ X 

* * - 

fl "i i t. fl4*\ fl *j-ajll ^_*c. jAt «il Li O^x.ai u O VjUII Jl ^Ifl .^lAa 6d-aJI 4 i lAfl^ 

Si_jj ( < A~_l | wJ(jl1 J| 111 I ' a ^ t (_g^y2± I SjLl*_ 1^I ^4 Am 1.11 IjLlA 


: Ujl Jl til AjLLl4 

<5>Lc. V jx-fll I ‘ Vj I . JjIjj-Aj^. Ji“<ni I AM J_1 alt ^Uj3 mi j^J I jJ-aC. cjjL-u I J j 

<_»J^J 1^1 4j J J) \ 1 t )J 1 A ul I J J < ^JOAL t l I lljJx J I Jc. 4 -k j tlJ I l xtll Ll 

oV J LjlJs Li 1~» n^—a I a C JI tju,A t I—a Lo-i ,J J Lc. fl I j_Aj . 4 j J_^> ^-fl 6 L I^j 

tJS Lt aj jljl jV JL^k-a V * I 4 II j ^j-fl 4 _lA LS J 1 fli “til J-o 4 j^»j J ^Jc. jj-Aj 4_uLji-flJI 

Q Lcj.aq 4 I 6JLA t q J_ik V LaLaj L_a.Lj —0 0^-11 Jj^L Jj in fl < I fl ill 

. I J-irk La^ fl p Lj iflll 4 i.i.uL-uV I ^jLil a j a ^_Aj <4 iLi^V I 4 a fl t, I jLx-J J a l jLlLcVI 

6 , 1 a J!Lu JjIi^“\1.I jjolJI JxLu oVjLUI ^ II 4^.j ^Jc J-^jJllI 4_uAj ^aa 

. 4 t jiT.i »**>l flj I^1 a jjjLLil oIjS ^J| uj5l oLUaJI 

j-L-mJI 4 t , A a 4 ^ -v i^-a ^fl >“ J j ‘ ‘ ■ '11 J A r | 4_lj LaJ I 4 ul 1 1^1 ^kll 

I S^-a . L^-lu I a .a 4jL-uLllLI Jjl^J L VI jluu 

^Lu^l ^jJL-a V 4jji / 4 1 j I . A" a li%ai u Lu| ^1 J Vjl :Jit mj dlljj iJ^flJLa 

L-uaLj 4-% t-k util JL^LJI J-o 1^ jli «(^>^l 4 ^ J-oj .pLiJlaII ^Ir <. ^uljj J-o 

* 

jjj_^ ^Jc, ^ll I oVjUlII j R_a Jtuajl 6 j 3 i AJ dll J JflJuj < LljLJj-A L^i ^\\ -a V 
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Jj-L XA l^LLJ LAjlj fj\ £t J^lii LjjJaj H 

<jAjlij q\ Ixa. Jja >11 4 >cLi idllj .iliLjoAll ij^UI ^ 4 j£]j 

■ ttjJhlC. j j^i-uLljn Lo jA JjLJI ^ U*l JLwj 

<JJjj <d$£JI J-o-sJ sjjj^. <jjj j *. *Ijj <sS* £>i 1 Vi^ai 

£ " ~ 

^J_lHi ell!J jit ■< . jJjLUI OIjfl jlu ^ a.j ^j- 0 * *.1^11 tj*i A» I 4^,jJ I ^A J Li 

^o 4^-uulltl 4-AjiJI ^ oiilal jJjLL 6 j£ ^jl jii <oJJjjL^-lo (^ j iJ^*J (3^ 

t 

^ iA U. 1 (jjj_=k.V I <_Aj_flJ I ^j-a ^-j "^1 in < LqL&j 4 ^ i *h <***! I 4_£jjU Li ^jAill 

■ ^>1 jklj-A^ll IjJb <jl jIa t< n\,\ fill I (| JlAui hi ) Cifl.lU ini Sj£JI 6 j_A <jl jj i <nVJ 

j3h„\!">■■*■ *cA Jjl jA (j-o$ <<J 1 J_JI Jj-a jUI JaJj ^ L^jI tlllj ^.3a a 4 < 1 flij-la ^jC. £* Ij3 
4 i A a Oil ^j >J *jj ? 111 *^ I jJj-fl (J^ I I 1 a ^ La dli j < j_Lij . I j «t jj xg q * * 

■ M^VI (J-ojli <ji ^SLoj V iLLjuoj jjjSJU <^jljJI 

jjhlj.ll I ^jic. ijl j-A Llj I j LA aljlll JjJLJ I <jAaj <](j_ju jk^JLaS ^a i_i_i_j_uJ I j 

fcJjJLA . 4-JjVl JojjxLil j^uAj ^jJc. <-u1XUJ4 ^jllll jjLulijVL j_la3j tjji^. jTi.] I j Ll^ 
6 1 1 1J fit J-LZk.jJ I (J^JI j-A UL-U IjJLJ ill (J^JI I jJ <£ijjx. 1. 1 -l.a <-ljia -1 JH 

<3 La «<LfljJI_i Lo5 ^Ijll |jal n j^»1 VI -h 1 <JLui a II ^jV (jSJj t L-t La_C,j 

Jjl^JI ^J^3jJJ-ujjSJI <t j] r> . m ^jiiAI j j . jZk.V I £j_Ljj <-i-L- ,\ A3 JU (jl Ll3lS-aL 

. La I jx. Lo g ^ a i yj, I 

Sj^JI jkl J—*-*aJ I | (^A^LllJI IJ A ^_fl Ll* i jj V J-a* jj lAj > 

j-A ^1 11 a 01 ‘J^l Jaj . ^-Ajil I Ha I 44^jj tju*k i < a ijjJ I Lfl-ll i gjj 

.^sljll JjLi —u tiiJlj (J^ ^u-i JjVI jjhLUl ^j_a 4-Aj alt Sj^JI 4 2 hj ^jll 

jjic 4 _xa1 jJ. 4 . 1 1 lA. V l Lx-fl <6juJ_=JI 08 J *v 33j t4_Aj_ftJI jjjjJa 4 AJj a! I 4 Imill < jiLallA 

* 

.^jlc jJ £. l\uii -L"k 11 i JJL ill 


(V—V ■ JJ-sJI 4 jjL^j V L^-joiAj ^jA-fllUj V ^jJ I JjlaJI |j| 4 jLlUI 

oaI ji jJ-jj j^jUI joj ^L-ajVI JjLu >. 4H ^A—V lj 1 y Lq.^ <I^ 1a LA t v 

■ 4iLLlo 4jluaVl 5jill ^jlj 11 uti Ll 
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4 1 <■ a JL> Awi-jxll JLxAlJ iLGLLl 4 -w<Aiill (jL_uJl ^ L.SX 9 V 

f^juaUI I ^-1 a >Io.j A fl i^oii—Jl o-L^.J «l» djf£JI ^jl ^ : jJjl—^LJI 

Cii^J Jjjl v, ft-i5v-fl 1 1 fr'i l^o {jC. I-AJ i *v ~ <i:uk^ > 4 > 11 r^j ( 1 fl mi fln OAdLxi^aLa 


Jlj <<Uh^JJI (jJI L$—L$—ctu. > ^JjVL 4_uLill "■ a \Ui^> 1 (jl ^jSJj 

6j$Lll 4 J., ~±j£x 4-11 S-i ^Jb aIaIoa^V I {j l jJ ^AjaLxj ^| *i I a^k ^jAaLajJ) 


. <jb jiU 



• A 


■ 0 


0 

O 

O-*- 

-rO 

^ A 



t^jLASJI 4 _.a,.. .L lll Jjl^JI jj-c. ^51^11 (A—V 

JLill $j£JI .J-Uj ^CLa Jjt-Jl <4JLt-=kA Jjjisu jii^D ^.aTk tA 5jSJI jjjJj l$-Ul 

.^.1 j. U i ^-i l ^1 L^_LijJa 4 _ i t A La l^-ji^j ^JqjlI I 

(_sj.il I ijjJ « « « U uj^l L^j ^yjW •cijjJaJLj lj_A JS 

4. ui k.ila jJ_u SjULi .^_=k-j J4-levfl JHa lii(j La^ < OI j l -> A.l I <ja J-i JjlI I 
,ja LgJSJjj 4j jfLa <4 flfi A <% jJjj-Lu 4 a LU-i £_a (JcLflJu jXJ i jijJI J.A Si <j I J » a LaLaj 
^)jjj U.AAii La. fl , IaIaj 4^j.,a-i-,iln <*t x,A ^-S 6ja 4aa £*j-^a Jj I iCj^TLaJI 

<jA (jjjjjil cJLJI £-A jJjLlLlJ! $jfl 4.1^ i-uA 4 1. ^ i. 1 Ty i I J^irJI ^jA 

J^LJs I tJjljj 4ai-ifC 4jkJL>A j > a^.1 I ^SLx ^jJ I J_iA-uj LswLc/jl ^iu l L^aLJj 

. a J JJLji. I (jpGLJI d jj& jJjA 4\ftJ AjII 
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OLi^ia oLu t-i j VI ^ Lq Jjl 3 i . U J . 1 dLi^lJI J-*j 

p L j i a pa .^jLajjLi jjLolujJ sum-over-histories approach jtjjlj_JI ^ >aa i)> 

r J.l a jLaia ^ jJu ul Lfjl (jJA.j ji i u jl) jJJ Lilli Cil ^Iajj <Jj-ililJI 

< JjAjaIIJI Ijjfc JLa J_a>j V LjLfl < * a£ll ^ Lol .«jtjjL)> jl i A x -aj -lai 

£-0 VI J-o Ljujj V I ^ nKi a ^ ^JL*JI (£.111 ^ JlX- I ■ \ i a hj 

I Ijjb * 11 . i -v 11 jj_A ■< * IL . ■ * | JLa-caJ 3*A La < 6j. i ^ Lii <C)V 1 a i-w VI 

(£jJI JLala.VLfl (£>^l 4 uA fl 6^di 1*1 jl H-A n I 4 t I L ui v-L t^ Lai <iilll 

ifll£ cliVLi^.1 Cj LoA La -0 £-S IJ^J I ^A i„l k II "V > ^-U-ixaJI <*\L .llJ (£ I LI 

6 JA dljjj a» xaaJI (j 1 jj-u .ijLflMj ‘L^a.IiLI JIUJLl 

^Lfl t«^jj(j» jLuu—a J£ ^Lki I -kj c ^ ^<£Lwjj JjJjla (£j Jj-flJJ <CjV LoJLa. V I 
^j-Li La 3 A _j I m.g ^a Cj L oA Lj-uJ. I 14 U -aJ I UjjuAt lj Lux -a lj^Iui I 

. ((£Jj Ijll I )) 5 juojux1J I 

f * 

I -Vjlii SjUl ^uLl_o ^Jc (£| <cr ^l| C £jl_uil ^L Liilj JaLI I I. JUlL 
O (Jl La jAj < j \ >*01 LiLc ^_L jj <J ^_ajLj ^oj f LLiU J-U-j-Q ^aSJI 

(jLL.j A il - rt jJI jLLYI <6JJ A CjljLcxua A * i *i n JjljJL »rx Vi l _iLJI 
J^a.j jij ■ w )-»-^l ^ L fl a Lf Jc. Jfl-t j < L^_jJLA ji ( y = u ^l } \I jxO£. Jj-o I JjJ-r*. Ix^j < flji -siI 
I I j-A ^A jxL £ 1 J-a i > IjJLl I ^-L-ft a! t-jj-Lu | | jXjj. juijjSJI P Laic. 

^1 La. oijj Lo IjLi .jjLLVI a 1 a j >*t Lh^- jjjLUI o l_>-^ ^JlL-oi J^LJI Li.*^ 1^ 

A L l LLlj ^x o. -A’i ejjluul ^Lfl < Jjjlj l)-a Jfl ill Jj-o cjjlij <J-Aj 6jSil Lijl 

dh 0 1 6 (J-oJLaj jj-uajua ^£ I Lo-aJ <_j I cJj } ~a - i ^ll I oV LaJu r^ V I l)-a 

V Ifjj . I 4jlalJ I Cj 1 j x -a i ll L^IaJ. I A fl L \ 1.1 (j-o La La_i 6 jja.u <^jaV I i_ lj LxJ I 

<-1^11 ^j_^LaiJ I dlj_i^j V 1 _L < . Al L i V ^ -A (Jjs 6 ^iil J a t‘n-i'. i flX ii j < --*■ > 

5jill ^1 J l - a l -k l ^c <5j J£j cj^ - i A l lj <SjUI J^.Ij ciLcuxaJI lil^A 11 ujS 
Oli -dll L>-° -4^-^jll (3^1 L L^jtiiJI jxj 6 1^11 ‘u3 *-“ j-q ^ 

Lo fLfl t ^_LuA 3 -A J-=fc.l jLui ^L4 (£ \ JftTt jLux^i Sjill |J-X 4 (J I JLoJLa.1 

L>1 3 !*^ jLuii.I ^jc. jja -A . jjajj V iuti jj-o L-xfll^l <xuxllL <ili (A~V J^t.) 


■ II 4 {jC. wjLi^JI ji_o k jA 6 LjjjjJ La ^=klj (Nj 
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4 

^1 jU-wj 6j£JI <jU lj£j» (JJ* Lu^A L^i ^JLa dUj 

LS «4_» ^-aLLlI s jy~ JjJaJI ^j-q Ja. iijjAJ <J^ 1 -11 * a LiJ J Ji LSjjJo ill 1 1 *41 

p 4 p 

j t-C. J^-LaJ I qJj IJ_ll I a .a. ^*1 ci^Lm I 4. aK ijfl » i V Ljlj I . I—L_fl i i^aj I *% Jj ill LjlA <j I 

.JiU43 j jij VI 4-aL*JI 41I V LfiSDj <<Lii <\ai a »a «< L- uLlII 

^j-lJL-0 ^..fl-fl.A » 5j£ll <jiij ^j-5 ijl^iJI 4-1 Lc. ^£^^1 4..i.^ Li^"i *lXkj_i LaS 

[ ^ fl J ■ y\~ u]^ <^fl <^llll < 4 i I jfll.i^jl I £j_lj(jjj| (£\ <<f A 1 a 1 I ofjL-JU « 4-^j.i-a » 

■ J ilXuJll <L=k.llll o IjLoJ, I ^ix La j.lL Jinx » i ^j^JI Lfl ^-Lx ^ I 

^ m tiUj ^Lfl i^juo^JI Jilll SjUJ i^Llil oljl lull ijja JjJjlII J_=wjj <jI iu^fcj 

jjJ ^1 LaX 4 fl l~iA> A Ajj j 4A > ^j-LA^ll I Jj^kj <JLk < I J_ii I ilu.*k {jA . L a J . v~v > 1 L^_;| 
<jU ijojCIJI 1.1^ I tZjL_uL5 (_£j£kj ^1 (J^lj-aj 4 > j* . I <j| jkXjj . Ijjj^kjA I jj^- 1 

^Jx oL-uLliJI ^-q <x j a*v.a (_£j-=kJ I |jJJ duAi ^ja I 4jJ-fl Jjjjj <Jl5 LI LfljJa 

Luj I tilt £Jfl Ij ^jA Jj <j IJ r^^jjajJ I <J] p LlZu V <1 Ij-^. j (£ I J-^J j4j I jl jl I Cj I 

. J tfllx,.l | ‘LflJjLa qIjL-lus ^.ainu ^fl> «s IjJuiI L^-j |JI A*irkl 

; ^ 

^jjl^5 ■ oJjU ijl^ «<jV I ^IL=k I JLaxV Luoa~kJjj 

* 4 _ 

^ ^ Q jj I j-i u Lj till ^c-A 4 ii J » 4 i_fl 4_^.J Jj Vj fl «_a j <Jl ^5 

i,i^l l^j| jJJlJ ^Lu-o^il oVVl OjI^ CT*^ (J-jJAj ^jijJ ^ . aU M jv^Xj^-iii-a 

4 iVrtj oV I pLlauI Q<a1 I ((^X.1 4 4i"> 4 II A ^J^-ijLjj ia! I La,A % i JLfl t jAJ I ■ rf-i ~»>)) 

AJLcL5 ^*1 I l jjJ 4 I I Aj O^L=kj <j I (j^xJ I t j-o 4jlj IP L ^ - l -al I JX-I^aJ l-ft ii r> 

(Jjx -1 La ljl» <j| jkLc I 111 II <-JLaL^_i fi LflJ fl^fti ’> Jl5j -4 ii i j ,JI 

.« La^ ua j>~^VI j 1 i~>i 14t-iililI j;L a <(3* iu<> 3 1 “ 1 ^ ^ 

0 , 

<1a1I ^J-U < LaLaj plj^i-aJI !_|J fl jj J 4 iy-% Q <j1^j l ^lJ I fl <4lUj ^j-A jkX^il ^Jxj 
J j -y j <_u 1 ^-a I j^jjJj <Lct i«i*i i ii a j_i_X j Kfl V I 6 J-A Ij ^ > jj jJ I (jA_uLi^_i_fi)l ^jA 
^LS-aJ aju—' 0^* i^l ch» j ■* <jJjj mj-5j 

4j| ^A 4_ijjLa «<Lujiiajjj5ai I» 4 j JjjJ I i^j^HI 4 J-A (—iLujuV I J_2k I ■ ^a^l I ^jli n 11 

j I <hjki (^ a i-^. i jkj I ^ la 6 s^. 4JI ^ i-tluj <Gli La -y ciJaj 

in fl 1 JJ L^jI i^Jhl u i.i 11 jIjaj lj_u o 1 i nil IJ-A 1^ ji> % ^11 ^J| 

Jj LuiJ^I tt^Jj IjJ I ^ 1 A >)) ljj 1 1 ii | 1 1 aft JI ji.l^i >iil t | 6j^e . 4.i.<i flj I 6 i 1 1< 1 

. ,*11 All Lfl 


194 







Lc.l>jj .i±lc.Lii £lAj .IuKmjIIC ilcliillj idjfjll 

— jjjjklljjlLfllf j i mllj » I^j-imII c^Ju// tjj l T *& j i/ cuLil 


* 

(j li*>l I ^ < JaAj <5 Llai Ij O LaJ uL A t ^ J I ^-o£J I * 1 I JC ^ 

J<Lli) t-tli ill ^Jc «^r fl*i \ \ Lu ^jjSkll JxLoJ cJlj jJ J * < 3 -J <lljLl\ .<jlj 

1JA j Jjj jAj (J * l 1 JTj Lk 4-i^.lr. ^Jk» 4 ^ -s-j 6j^-»-0 6 j_A ^ N A 

Lj5 a^ii 6^Jbj jjVI jkQ] tj^-b • ^. ik~J I <xL\l jj^. Ij <LJkiia jj^J-oi ^Lill 

N • — Ajjll a (_p ^a j t i<~t\ (jI .jj^JLJI <JJj g a * u.i ^j-o 4 ^ > 

(.i.u-L^ ^jja 6 I^J 11 ^u.AJj <wijj-i-u ^JLi-kll ofll^ll ^ fl A jVxu 

jtajQj j fl-fl <p L^J-A 4-LuaUi t i 1 -^ j ~w *11 ^cJsulu JjaV i* 1 ifl fll I Jo I « . t j J n . a 

,{. 1 i Aflll ^Jr. ^.,o5v 11 (j i5 Ji ^ J£L I <al . <Lu i ofc > oLaU^iVI L5 

. 4 i \ o if | ^ Lftxt i | ^.l | Jq 11* n ^ | i IS 1^ } ‘ -r*!Li 

JllLal ^j-o lX3-~ x ^ b ^ 1A i la A *L^jJ j iijXrJI oV 1 aII"wV I 

^ * ■ ■■ * ^iJ <jJjJ Jfl j i*i ^ * ->-tJ Jo I <.t» \ 11 I J A ^ <j| u kigj 

Jklj o(-Aj-fl OIJ 5 Ml 6J-A ^j| J-aJLzJJ ^j-*J *(£J x mil Ij-A ^^Ic- ^jLSui^ll 

jjl.a 7uj .<Ij J&\ iju I j S o (J Jc .o i I I ^ \r ^jJI clJij Ji-a t Lj^ 

^Ikj J_3 J j * . t il Jii ~i i n 1.1 <j| ^Jl ^_Lo^]l j-xc, j 0 i nil 4 t . A a i II ^LoJaJI 

^ i n nl <^-A ifljjJoj AkuAlj I 6 J-A ^! <xj il n Aj( i A-J 


I 1 w jj) 4aLLJI ^ Vj <JjVI o 1 />'.—11 ^Jc “U <LIaJI jit oIi^jJI * j ^ ^ 

j-UjI 0^1 Jr-L^k~> Jj 4 ’ll \ V <iLLJ I SAZkj j igjal 1 

^apll — (juliLa O l.*w lit j 4 ^ 11 Jjiua 
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.JjLuJI J-4-o-aJI < Ci£L Luj-rwj I > <ii ^jjI j^ill Lij-oj LLij 1 $\o 

j I J-al *•» > — ^ Ci\l 1 i Jl ^-Lc. L^_j 4-iaXl 1 4-i JljjJI ^_j_^Lll I ^ ^ ^ 

<jitj fl I.t.a a Lj>^ CjJJ-aj j*J t Lu^ JjlSLoj ^-Q J £ O-A OLl» jJi (jJ& 

■ (Y-A <Jhz) ^lil j^\ ^^Jc. < t a£*] 1 jjjia (^c. Jo-ala 


Jlj 1 1 i^_yAj*\ jj^lLi jtJao-ui 0J. Ill) ^J-A Vjj A J^jJg) 

. ^a^vll JaUoulL gJk 


VI ^LU^I « ^ii a n) t^li LLa.1 (Y~A JSoii^ 








)) _j <\ li«ni Vj <« J-J^11 ^uujL (JLoj^V I I j-A ^Jl oLjjUl p La I f :, 

I'. I J i Q V 4 flLuu—o { j~^J t ^uuu ^ ^ * 6jlnl Jj— uu\ t-tfll 4-lAj-fl ^JjJ >,t fl*i V| « f Vl 

. Lijin. IjJ-lAj LlijU LUjjj ^ya jOAJ JjJjJI I JLol^l ^j$Jj ■ L^lI=i^.^LaJ 


: I Ctlxl JLaJI 

« jj a ill j il^ll 4 jjiM Lf-k ij-lj I <Lij^ialLi ^jJjVI i-aLfll <jj^ll |j 1 a ! "> 

^ajuuj . ^JjVl AJ^ill llij£ L^-j IJj ^lll <5j^lalL Sj-Ju 11 -q dj-A J a on i~ij 

Alan <hj (jil L^_» ij La 4-ijJaj ^ic. <i,,n , 1 . 11^0 ^-Aj 1 (( inflation ^ ^ «All I)) 4_5 _jjUI a Jla 
aj\> ^y& J J-ggj i Q *k t *~k JI 4 ilof, , O Ll_uLoJli I MIT ^j-o Gllth 

Jlj ^1 a t ln> 11 jl ~k.fliVL£ jnk-fl.1 ^_fl ^<11 u I j In« r\*£ I ^ya y&\ Ca ' auJ 

^_fl aa lAUfl lj_A <Adl fl a AAlL Q"kj^bli jll . l^KII ^-Oj ~wl I Lr uilL < <_LjUlJI Jj_a PjA ^J-C. 
^ic. f Lli Jj^jLlIL nn>lI jIj^-i I cutilj <ln Search of The Big Bang ^jLI^ 

I l£ ■*• a * .A »l I 4_i^Jaj ^ Lr» <j | 4 _a^JL I 4 Ua^l | j 


o-° 


j^LA-A» 


ijjJalll I jl ajX. I) a i h«ll 6jt 1 i nl I 4-5 LlaJ I ^ya JAaJ 4_> flX 

^yi 4llUI a j-A ( < til a ^jr. 6j^fl 4_i | i. \l J f|in iiLtu I 4 fl * /n > 4 _oIjJI 4 1 %i <.‘ill 

I ^ xlj i ^ 1 1 4 i I [ 4-»^ la ill 4 1 A tjf. i A ( 5 a ^yic, i^> il I 4-i^iaj J a*>i jj . JjV I ^ 111 I 

6 _^ ^J| L 4 J J I j/> "kl l yu I il a i 1 *° Aj j-i i j-o |j_u 4 _ULj-lU 4—J] 

,<JJj jjlj 4-o L*J I 4 111 nil! 4-ij lr> 1 11 I^JjLUj iAjt" t ..a 

4-L.^l I 6 J-A I jJ (j^!j ‘ Lu^ 4l n Inj j>mQ >1 41^1 -v 4-»jlrt\|l c* * 1 jlj 

^ l^lil J ^ uljlrunl ^Lfl 0^-0 I £aL» ^Lfl < 6 j-Q Q^k ~k 1 jl 

(^jJu u I (J fl“t*k 1.1 ,^-a 4_11 VI <4 * >i flit Lo-iLl I ,.\ »-\ ^ Ljj^ Ijj^iO jkaiA 11 ^jLa |J 
j-=a-VI ^ jAa J I J i^u J_fl > -v |(<JJjjilll Cj I ft j 1 n -%! I Lki) ■ “ < 1 a A . A" 11 

4lj^j U I fl \ U j . LIjj^j 4 ii 1 Ti tjl.jSl ^1 j aTiI 4La.j^o ^J| 1 ^lo 

• 4 tUfl 1 ^jJI I J^Lk 6j fllnift 4 j I of L^_l| i yjy Jlli-ol £y 0 

1S4JS I JlA jIj dJ, wlIL I < l^ii-o LjJh^k. VI^jlu dllj 

6 

Lm o gj JLXLti ll (( I J^» JIaj V ^ ^ “ A JjjJLJI ^clai.11 I 

^yfl u I u l^l ri ii ^i V I ^j| illJj ^ . ((P i IA fll I J^)) ji In 111 II viiJjJ <iLajuu 11 ^yfl^JLLAll 


197 



(j 01J .*3*1511 6 jLxjLi e-\ . Aflll jy-i-j-aj 

t-iAalL I Li <IxlI^Q jXSk^ATt ^5 < J_Jjl I <jjSJI 6jii Clu 01 ! 0l^-ojlI i_jj-Llx-c*j 

J-qLju ^Jc. 1 QA i n . y 6jtju] *<J 4^-<aL=JI 6jLuJ <1 t jj^J JjjSJI Ijjft ^Lfl 

Lo Lul£ j-ijC ^| <i JaijJI 01 01J (j-^J -^Vl m 4 11 jOul <JS £j» 

•c^JjOl •w^aill J*L^ 01 j Oj^ 01 ^ J* 0* ^ u^J Oi^ 0 ^ 

<<-wa,i,^\,li 6 aa l^-Li cuIj <j7I f- LAj jjLL ijj ^rk ft» J5 Ijjj-zk. LijS (JjJ 

(£y^* (JOjll OV 01 j rJpLLVI ^ic <J {ju.-kl ^ Oj| VI 

^Sl l^-a^i I l‘uA*» IjJaa 1 0l 5^J^>0I j-Lxfl (j-o j i »u~t I 4^*-° I *—>5jJ <_>ftj 

• Oj )"k ^k 


*<5j^JaJI juiu L-i-tij j5 Oj^j 01 liijS <jl JLOl <a a ilea* 01 j 1 a 

j) a \1 <_ujS oLclifl jjj jt 6j Luc. j_5 <LxSl* ^ * . 4 -ui Jjlj 

Jj-*-* jl <CjLaL^jVI <iL£ 4-ii^UI 6 Jxqo <4jJjjJI & v 11 1 <| J 1^1 .ftVlj 


.(T-A JS-ii) ^0^ 01 j j*-i A L ^ c5>K5 
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iJLljL ]qjlu1j <^1« II JLl^ UU iT< j i is -J 1*^-* u ^ (_^ Cr 

<*> l«v ^ jj I jJ£\ '_ 9 1 i7.~^V I #(JL^ 4_»L) V I i d~ii 1 1 I—) 

1. 

Ul3^ tiH 1 ‘■—* L-ojJa-o t tjj_AA_u JJJ 1 6 J_JI I A t i l 1 fl ^ I rvfl . O (jJjLaiii I 

till j Ld < 1 ~fc i A^a ja'iI I <j L^ ^ cj$ 5-J I j^JC- I I | ^A-jlj 

<j(j Loi cosmic constan ^jlll ojL!JI jj&j Vl .oL^j^II ^ ai-oJ JUL IjjJ 

CuIj jJlLa rpLlj ifl II aJc, CuI^j jso-fl jj uo-fcJ ^jl <GL-Jj Ja tllij (jLi <6^^-fiJ 1 6 j-A C -i -h i /a 


. I 4 l-k iti 4 a iflj 4-LJ j UJ j 


: ^iLUUI |)jUj1ujI ujIj 


jt^JI 1 ^-uL^j-o jluu j ntl <_iJjjJI c-ijiill ^jLi C-^° 

<,* i t U11 0-» Ijj j i3t_i 4—iLtii Ij—a ^! a —ilj_JI ^jJo j II . \^AV j*L_c. 


<J 1 -%~i .<. t jV I I ^J_$V I * <«11 (jfb’ * Lj^J-il I ^ ^ (JjLZfcj Laj < I * fljj V 

Cidney ^ jj_uj j^jILa I \ ^AA ^Lc ^l «,Ui a j^. Ij ^Lc. j.* > <j( ^Li 4 alUt I 


'I—cLoj tillj ^j-o ti l ^Jc. J-S j-oVl <jl JjLfljLA 4-JL 




Coleman 


iLLi ^j_c. l_fl_j| ^j-lx. jifUl l£Lijli£j_a I ^U-gj ^| Vjj 4 jI cj-AJ 

Ail ^ - Ua g Lo 4 xaij jj-A 4 jJj jJ I c-»j a il 1 (jJ^ 1 < <_Jj I OI >j ~> ..■ 1 | j^ ( ^ lr lTiU 

. njS ^-il^JI ^ oj ijilI 

du LaJ I 1J-A ^yi Lul l] JI J_Ll C-i-i (JJ1 tlJJjJ JllLa . A a |^ 

JjVl L^JJJ j ct-*-A-=^ <^Ii LaiiV I jl J J, a 11 1 <-lj^laj < A «n~i ^ ji I 

l^ .tllljj] <Xi( i till Ijl I Lo <6^-1 Li j£Llu ^g£. jjJ ^l I | i"u K 

^ I I ftjl < Aa 6 JjLLs 5^5 I ^ Oj Lilli <jj^ (jl illlj * o ^ " I >_JU^q (Jjl 

^1 J^x. J cui Ji sjuj .(jiL.iiVI Jl tjjZJL ^Ul 

\1a Ijlc. 1 1 1 5 1 1 ^1 Lol . Lo Laj <-»jialll J-LJJ Jd-etlll ^ilj j| cOjIAII dll jJ cJlj 


<J Ujji; - <U-MjL .Jj-a jj4 »t, ll L# iliJl ^JLjlII Jl > fl.t.^ll 11 a ^ JiAflll jj (N) 

^jilI — . 
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<_cj^-oj jxa! i <jl cjij L-iJa <j-o (jLi ‘‘t-iil <l^LJI ^jx. j^c-j ^k il 1 ^a oaLiJI 

Jjjjill J-La il ULu aLifl iA( jJ Lo| < La-wJ^q 6lift I I JJb <<fl lA ~k <jJc. LaIjj Lo-a ^_lx I 

, 4 li lA-JI <Ix j-cjj ^JJQ Ja| <Cj_i_uJ 

4 jla Ja <j I Xju <qLlaj1 ajII ^A J.\ aj JA OjLjJI Ixg-i j*.LojJhVI <jl ^Jc. 

* f 
< LL Lt-u La j I a. aaII I { j^ J^jA L (J 4/ifl I 5 jj iai j < it Aj I J J_aoJ 1 

.<1*11 JJaIII 1.1 ^ A . ajj-flll J •%-A~i (j-o JjVl (j-a VI t jj » Ixoj V ^lllj 

<j-o <JLa {jA <jljiax A aLlju I JA <GI ,lA.ia i t Aju ij<t I JajJI jl aLVI 6j^ I ^ jJIj 


4a_iLljj LjjSJ I jLjjVI (j-o ^InQ jjJJ 6 laJUA <JjLa LfiUa cj Luu < i_JI U* i Al I 

a j 1 1 o 11 <jJu Mat Visserj-i_ujuA cj La la jaj ^Jl jLijVl L^-ij < I ^-xAj g L»_A a! I ^a 

.j^ajuU JjLSJI ^I t_tA.il I Lbj^fiJ oLolcj ^ 4_aJ&~ lII 

i 

<aLLJL £ IjjJI J-o ^A i^Lua (jjju Lj-Lfij I ixi ^xi i «-> il 1 SjflA j*JA (j-L^j 

i Still j J_ju ^jjSLII CxjLjlU ctiX^. IjLa ^Jh 'k (3 i $ y\j I 4 K >.7i 1.1 (j^Jj < <J 4-ijlLail 

^ 5 

. ^lA-t A J I <Lk.^J» P I (j " » I jAJ ^ I (JJQ fJ^A I 

IjJaJI £aIj_II ^jA 4_j| .J_£L _i—L-a uJ| j JaJL d l*C .* 1 I ^ illljjj 

T j-> ^ jS-k i j.i i O | <_fl ( i.u a ^ 1« A < ^VJo V I ^ 1 .3 U . O OI j 4-fl I i.<j a jJLo-^ | < ^ A\ 11 

^lAj ^1 t^um \ • xl ^_A iiLull a j-A jjl ■ ^ a5LII Jj aA ill ^ ^ un ^ii.uj 

! I Lj i.uC IjA-c^a ^ £ 

4jV < 1 11 <_A LluI I IjJxaj I Oj LJI t. A-t^aj l^-oV L» I t_A J1 \ XAj 

. L a . ^ 1 1 > <Al i.ni I ^ i* > i iALa-\ ^jjlj AjA I *U.fl i^l Lul ilo jOOJU ^ < LujLaJl 

t- 9 - } 

<jLc LJLv ijjSj Jjl >_!^k i O-JUUI Jjl ^j_J I i+j JXajj I <LlAj£JI 

Ij_^j aJA (jL 3 ^Li V <jl Qj ijall ^j-oj . L^_j I j ilLV-J <ALcuxa <jjLa1Li j % id-ill ^A 

. I I J_A ti)X i. 4-lJjjJI t_j^A_JI iiA-j j tK ^Jj^LLi Vj j« -*--n 11 

a 

a j (JLI j i.nj p 1 ■ AaII » (4-uiji^J I jji^. ^yA iiujLJI J!La ojLlII j^aju, 

LoLjJ I 4-tnj'^ II I A .0 A iXLxl (jl jIa ■«^ *l ^k l i i Ax^ £ La A ftl I j .1 ^Ti ajLLIj "k Ti t Ll^ 
tXilj—uG dlj ^A LflJ t J 1 ft ill A dLjJ * ii A ^ ** I (i j_^iJ 

(jl xLilc; I II (jL a «4j jjxJI i ijL-JI ajiflJ LliJo (j^lj .^IjaJI 4aLL aj <_ujLaJI 

t _ |^5> A ilL» (jAl JI I % 11 4 U I tj 1,1 (j L£V I Jj i Lujji < J-LJ i\A tnA.fi Qi <1 ll L^-a^Aj 
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<■ J> JUL U 1 a-o «meta-universe. o>HI» L-a 


oLl nil ^11 j»LJ I pLj-lJ J-clj-5 Jjj tln*i I (jllj <4-< u j l ^JI 6 J-4 4 » (JLail 

4^1 IjijJU 3 I ^iKo L 3 1 J^Lol 3 * ^LaJ*. J ** *i ‘U^-O^ * a * jJ * a 


. Lfj ^*JAWi4 4-l_u Al^J I (j-0 


Sjj * jJU ^Ij^Vl 6j£Lflj «£Ujlj-lll A ^* » ?jl AJj Lfl <-Jji-cul jLjj LiAj 

cj^LuI lia flJj (jaV <jJj *LTi aJj-Axa lTj! ftj < a^k > L a t j ^ 

<L^LJ (J Lai tJ i_*^5l j%'i ,<aLll <jJJL.ua II oV L l a V I 4ll£ ^ > ^Jl 3 l am La 

LLfll 4 > rt^l I ^Lfl <4_ujLJ| £-0 (JaLuJ LflllA Li . j' « 'OjJJ ^JL i <l-2k|l JLLul 

<_iKJ| OuUl^ il ^ (<JaaJ <ul ^ ^UMI% £-Ljaj Ti Lh*-° (J ^-V i^b) 

Jjja-J fl AaJ Jjjil I Lj LlAJ >j . < t 1 « o 4 Ul*kl J LuV I ^j^Lj p 1 j A fl || 

j^Ai L-S Ui *aIL aV 4-Ual 3 -0 — LjiJI J£L. j^JlIJI — 4_ujill 4 <ii.i.‘i^II 

jjLi <<_j«LjuuVI Ij-A -££j_a.V <JoaJ ( jJi <JLu9JA jj-fl Jjjju Al 101-^1 jLuui I. 

f, + ^ t- * 

jtjJUiJf w tt.iL (31 La.L a (j I uAJ ^ 4 -l.a£ 1 I iu j Li f p Ijjj i^^ jJI A^^fiJ I 


Lfr? c£*i ~ ~ JL4*^ <-& (3i>k <>■ (jj^ Lf!**!! 

cjj-5j CjL.uJiA J£ Llj 1 1 Ain M — ^j-a. I 4_i_ujiA ^Jl 4 < mJYA (jA pi in oil jjJall (31 

3j£JI pl3^l JLj^ uk^H 


auoa II (3^Jj .<jj t A ^ JI ^ LLc j-aVI Jlj-j V <3Vlj 

4aX- l^a jljul i»>ll (3° jLjluVI 4jcLj Ouijl A j t jio-iAJ <K 1 III I (31 * A ) 

ioLtll (^cuLaaJl (_^*aJU JjJal ^jlioL 3 ^ (3 A>LlI I ,.^‘I.iui ((3’°3^ '* JU <fi Lx A o 

(3fj ciLjJdJ.1 v_jj«i-uj 3La <jJlj (3-o .^ajaII f La-flJI J^La Lajjau p Iuj I <c.Lifl iiV 3u^ 
V (jJjS OjL-u <£.Lii ofiJ La Ijlj -4-iJjjJI cjj^uJI j-ic. ^LljjS JJj Lo_jj jajj (jjS 
jLxi <..lA J I J*C. jjJj (3^ I cALcl&II 31 ge * Al l J-5 <ili «jQ 4-^aJ I ^jLuU 

.(jLi^Li (iu\j i^-L-aV 1 CijliJI j I' A,j ^j L... 

M>Lil <jaLs, <iuw 5jj j^ hi jJLU 4.LA 1 mil IJLA Ju-ajj 

<ia jl Jl Lliljj «least action principle. JSVI JniJI uu-o» c fAd u<jj ^jljlll 
<JLa. ( 3 a 5-ojLi-o Jil JS-Aj ^jll .kaJI <Ljau ^LUJI 3 I lxJ.1 11 a J>L 

( 3 ja Lh^ >^l <3L1 a jaV ijl^o ( 3 a JJalli ( 3 xa ^-i^uaJL 

J- 4 <JL5^f U-°J jLuu ^ (5^a.VL jl) r^i£"L< U.A Jaa. ^ dj-aJj 

.(ji ^tl l <(_^ailxLI (^Jl ^-Aj^LI ,3a pLU jJaJu LoS U n AlL> < VLola.I I 
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I till! ^-fl Laj ,<_aj. fl <_i | J'Vt t I ^ fl a i^jj^JI CjjLjJI 4lLh. jj_flj 

4a. till 4-i^a^iII l '-vj — CjjLjJI Ij-A 11 <4-51 inII (ju jjuu^o ^_ij| ^Jl p ULI 

<Lco^il I J i |» ^_A La I 4 aKI I ^j£Jj . 4 -j»K I ^I 1 4 ft i fl j I I 

(-JJ-AjJI {jA VI j^l_JJ V Iflll ^*1» AJ rJjjtLo 4-L-uailL ^jjfu tjj ^^y^-fl <«4^i. Lll I 

% . ft J 

< Ij fl Culi]I UI 4 'J*" “‘^ I (j-° jj ^ i < 4 j JjjJI < j fl‘lI i 4jJ jjlI 

f t 

. Ij-flj-o ^jjSL V I La Laj I {jA I I £_aj 

Jia <4.31 uLl I ^5 ^j^Vl OJ IjAJ I ^Li L ^l_aj oLLuxJI ^jaiAj <j I tlllj ^j-a ^IlSV I 
4ljl \~iLI Cjlj-uLlJI j“Q < oLu*i <4 a.I_1o 4 a_ iQ J5 | L^mfl<1 ,.* ij Jj I <_>-y * <4_ujLJI ojL 

ul ( 3^* A • Ja-a J5( l. i i-a jLj-uj (jlJlj <4 jJjj 1I ejjJLlll J^LA 

^ij-LII JI V-A <Cu I 6J-A ajlA 4 ilx Jjj^j La 45 ^_ju> J^a 1 uLaj pLt mail 

(J-ilft-jJ 6j Lit I p LaXtJ I L^-ifl jufl h > ^l! I I S^Jl I Lglllj i^LjL 6 ^ ^ S j) ^ La i 

11a ^Jx ^llj£ jlLu jl tiUj^ jaJ Ij u^r ^h° ■ ■ * jj . 6 * >Q* CuIjjJI < iaui 

4 i nil A ^j-t-aL^a Jj-ijJail I ^j-a ^ I tJ-aljj <j (j « ((Th6 big fix aJaxVl U iAil I)) 

t> " 

L^ftiA ft ^jSJj < I 1 a Lill^ jLL: 1J^o-i La. t» JLa^Vl & 1 a ._>L ij ,4-ij^xtl ._^5111 

Cj lx. lifl 6j^ x^~i J 11 L jA ^jfljU I Lj£] I (j I I 4lv , w I 1 *• *yj » lluLa 

* * ^ 

<4 t < i fl\ LLaj I 5 la k ft (^1 <4x115 ,JS ^jll <4jJjj <—> 3 IL 4Jajjj^ 4_ujS 

t 

I J-A ^Jtj . 4J^ jja La LaJ j Ka j) I Lu L^. < 4 «<ifl 1 J^juu V I ^ *11 ^IjU I j^ lft ^ylu 

<u lLo£j^U 4 jJU ^-flj^t.u 4 j| vilij f 4 1 u fl > ^_lx La LaJ I * 1 Lfl • "M 

4 a _l \ l r> ^Jx L5-JJJ IjLolxl JjJjX 4 ] kjj, \ ^kj La J all jj <6 J^U.1 ^11 I 6j-a Ijjlx 

.a jj5JLI iiLt (JlL LJLk. ^ 11 ^jJI jjjluVI mill 


: 5 u k t,\ 14 ) J 9 -SJI J-6 

.V ^ I 4jJ jJ ujflJJ ^LUj jlSj , Ijjut < J^j 4 1 itfl 1 la \n Lj^ *-*LIL 

5uiu 4 ai A fl In Search of The Big Bang ^j(j^ «i!1j Ju^Lj j^j a^o 

LoLLj 4jj£ Ifla^j J. a l C i_jIj U x A l ^Lj 4j| ^jajLluI ^Jx te^jjuu V ^ja fj^JI 
tjjJjVl <lA^ll 4 -jj^x jJjj Jj-ujI o£ jJb 4 ,mi I Sj^5 <4 j.ti5'i ^Jx I flU \n 

.4 h<l I ^5 ^Ln^VI ^ 1 «i ^ 4j 1 ^Jx Li fl jj_i_uVI < l^ll j_Ljj <^JIL La Ijl 4 .^> 1 

il I 6 La 1 ti I ■ iL ^fl Lull ^j-aSj ^lll 4 tY\U (J—jL-A , ,Sf\ , lS^II ^ I j ^Jj ^jSJj 

4 ] 4 ijILt I 4 h<lI ola < Ijjlj^ jju-uVI • IjJI I *1^5 <pLLI 45 K jc. 415K Jjjj V 
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c 1 i-Aall <j| ^Jl jiAij rAjJuliA oL LuaJ l fj\ .^lp« cJ^-®5^ ( j 

^ oljj £j}Ij j>-a JT V dLli iflJjUl AJ-frJ JS^jj ij* 

.g I iriflll j^-a li>^ jJ-a <JS 
» 

jjA t jJJ^Ll jjl {jA £jLa ^Lfl <<JLcujJlll 4 n A fi ll (JLaJI 4 * A t Io j lA-A JS - ft i 




r & •• 


Loj^i UjjJ jjl liLLa < jk ^ CjljjJI 


fjA jA^i jll Jlaj V <-5lj-JI ol>UI JiJ j *0/011 <iL£ <jj 'Vs^ 0 ^^ 
6 jLo ^-lc. ( j_L»Li JJj -l^jj jjSJj (Ojlkll < alXU <La*j_aJI 4 til fl l 1 {ja 4j11L 

^a>J S jj uia c. La J^IaJLI jj-a <<La jjflJ 1 illt jjA c-fll % *Jil Sji uf . JaVI j^-lc £-lx» 
£* ^jj laJli l La ijJIb jj^U ^ Lfic. ei^SLi * (brown dwarfs <_xI_JI ^IjJbVI) iiiU. 

ol^Jll Jj^au 4-flj^lo 4 -ujIjJ £ja £a IJ (J-J J hi^jj 4j| Ln^ . <1\jA I ^a JI 
lj_A .cJ^Jtl ijjJ (jp\£ cjIjJ 4oxA ^jJc. Ajo^Vl 4 ftjjlt c-fll * ■«< "> J 5jxu£. j>-a jjS| £_Lj Lo 
^_A j i« 4*00*11 AJjLJI a jtiU ^ 4v.i 4i> j]j£JI Lh® <j11L \ * Jii^u ^ jJI j \i . t 1 1 pJ^J I 
jj-a 4<JLJI a j-A .^jl 44illl La 4 »jj-5| L ujj j 4-Cjj-a Cj Ij- ^ 1 Ij ^i ll ^juic 

jjj^J I tlLiiLpj klcLuU j^lll Ajlil 6 ii jj-a O ljiu£ jVl tjjj ~w *\ jHU j I Ja L."kl I 
f^A Lfljb-^a Lc.jj Jj iiijLc CjIjJ 6 j-A . Jj * n I l iSj 4oa J >a1 j 4 «>» fl J J[^ 

j>£. v Lj^ll c-ijl aOll <j-a JjJjJI ULa. i ajj jLa^ftjV I ^c, 4 a I A. “ti l LL5-JI 

^ UJ*M 4jl^j Jji <lUj J-tflu ^Jc J^jLla J^Vlj <ot auiaII 

4x.^ > 4 J 4 aj J SJI 6j^-ft( 1 aJjjJI LKoi j i in a ^ic. vlilj 4 tmi La 

<jK ujj) {j* j&iul\ Jl Jiii ’ua 'VJL>^^ 

4J <p 1>4j * t ill (Jitiljrt Jj-a J i .CuAa QfJ * A«LC *lLa (*- all A. a ^mL 

Lifl i la I Lu I ^ (4 juAjJ {ja Ci^VI ^ja .All <p^jJu ^ I ^ t eTi ^HJI 4_ujLaJ I dLtj 

-4jJ| <JL^Ij t La jjiu cJBji <» ^ i4 "k Ui u ^j-a 4fli j fl 

^(-Lu^U 4"> « flj <JA V jl oUii) <LLa ULki dLaj 4 tifl ^ JaLtull uj iij *• 
j£j-a ^ ^u ii t I 1 < 4 fljjft jl dti jLa (jjSj 4_xfl S^J JS ^1 r4jjlc Ajj ■ ^.i 

^ p 1^3 1 J l AjLLI jl JjA i »jVlj .4_J| ^jJul j^iiiJ 4 La 6jAil uLill (Jj5j 


i f i a jOjIa j 4 fi > Li l Jil j» jjiil <J£]I 4 -t 2 ^iI jji CiloiLin ^ic I ■ a«I 'ji« » JLuaI JUa 

^1 j» jA£? ijjLJI Zalpi l SjLU ^ i ^L u JiVl jSk|j «^fcUaJI jL^aiVI jt ^ il-L~.l l jUjVI *4** * 

. ( The Omega Point (Bantam, Corgi, London, WAA) tJ ^\ 
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j^Jj <olj^JLl hlcLuj jj^JI JJaj (CjIj -^1 I 1 ^ I*"* o cJ^i jlj < 6 ^ujLi 

JjJU jxj “ ^ fl J~ rLftJcLu <£jou I ^ m i i_j jL^_JI jiilqjj OAjll JLl>° 

jJ-SlL ajt^ A j fruaJI JjSLIj t 1 * Ills ^ijjJ 4 II xtn 11 £j\ . 6 Jjfl .ft 11 <j| ^JJ <1_JJ Ulll 

6 jJo-fiJI 6 ifJ 4*^1 C-fl jiA U <J| JLiaJ >A ^JSl^jJI ^ liA 

. jj i i mti f <JjI*_jj jJji^ Cui<jJ Uliai i CjLuI jkJc £ya ^JjVl j*LiV I jlft Lojli 


( > )u$3LAi {jj (J A 1 -fc, 1. I ^yd fj\S lj| t A C. » AJjSlI jAJU Jp Lo-uJ (C^jl I *JJj jiftJ 

— jill <LU <1L± J u^f J-* .SjjAaII 

* * - 

J.l A "ill ^j-a O IjjJ JjjJ <Ll_^-j Lo £>,l {jl — 4 _U L^iV Sjj Irtj j^ojJ 


—A Jii j ^l I V Lj_2v 6 J f l S<jJ— oj-i_u Sjj ^Ai ^yi I iVIj 

(_j-lj JAJ Lftf.j iiJ^v LaC J 5 U 1 UI Jjjj L$_j| l^ifll 

3_ijJ»j £—a <a^jl a 1 1 5_iI Jj ( L^a.Li j. aJLju Jjj^U I j^jj-a-ill jki cjjj-fl .ifl r. 

*C£>^I oLj>jla-o dlli-A ^jl tgjSjjfc—Sjjill 



<jj£-» J-ij <<_j L^_j }Li IjlLoa J-i t^a^U 5 .^Ip. <5*5 (£-A J^i) 

6 jJ ji AJ ^jxi L£aV Ij JJ aJ I IJ JjJLa ^jjSLi jJj <jk(u plli ^jl\ I dUbfll La l.t.t * " » 
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f * V 

LujjOjVI ^aLu ^ J I ^ 1 £ j^oj 4_a.j ^ ^ }* r IjJ o\ 

*4jjlj_aJI K i rtlljj] I jxlt-i 4 U t~4j 11 ~J j SjjJ (^h 0 

LujjUiVU .‘LlU iaLJI SjI^aJI <lajjj-o ^-Aj ^.Ltu^UI (jjJ-a j*uit 

Jj-fl 6 jjjLaJ 6jj_i-a iitujl jjjal .^jjl d^J-^ cr^ tyAj 

*. *" * .* ^ 

^ ( jJ-U I ^Jc, cJj-JU uJjLfl V I ^Jc. o SjjjUil 6 (Sj-iAw 

<JLJ <Jb ^G a,J u.fl-11^ jxLtj^UI <JL*. Jjl ^j-o .UHiIVI J ^u -ul j^ujjji-aJI 

.(onUl) f LkJI 


tfl ^jJ] 4jl <■ >* II jcxj-aa <jLfl '(J"La&}U 4 Li t iiU ^jLS <ji >>k 

* LJ_*JI ^ j( ^^11 L jlc.j . Ljj^VI jjI^Ij <>0^ O^j-^ (5^ 

4-U1 f<iJJ a*J1 ^_ya LaLaj 4 -lmj^lJL a Sj \J-Juat ^_A <j-iLoiVI SjJlSlII j jl 

liA jli <Cft iim J I | 4 11 <J LrJ I ^ya djjij LUI 4_i_ti j * ««. i ( i <i^JI Yfl I Jj-*-i 

jLmj Ljj^_juVI Jj I j_) JjCj LfcJ . ui i jiSl JI Sc V Lfl .^ ^CJ I J-i.jp jxJ £ l^lflVI 

oLi-uV—JI 6 L ^k _>V 1 Ij-A CiLl uiaII OjL-iuj JjSj . l^urijj 4__i i^.l X tV I < L 1 -vj , 1 I 

David Park jJjIj j-ualj ^Lm I ^j ol un juJI oj^Ijj R.C. Tolman 4 L... 1^. 


^^ 5 -a_±JI LljjjIjVJ j a l^oi l Jjlj-lll P.T. Landsberg j 

j-^i a^Sj a a <5 jjS| b JI Jjj I ^1 LlJ^ 4 jI ^ j j^jJ I 

Jjlj-li cill.U .4 _AjLuj jj-o ^JLlll J J -ft .J I jj Sj ^j| iJJj ^Jc. ._.~j 4 flti _,J i 

<li in aj (6 j-a JS j>_ u h« ll jL^ijVI j-J^I jLlXmjI ^J| <jJj-q LujjJjV I 

. ( 0 A l^l iLxi fjC. 6jjJ JS ^y>j 
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< JJ-ojj I Ijjjj-* Luj-^ OJ^ 1 So Ijj nVkl I ■ o fl 1 ^_A | ^ 0 —A 

< f 

Ju^LII i i \jlcu^* I ^Jc. ^Uj!^ 6^) jj £jA Li J Li <<AjLi_u ^ya I J-La_i 


: LT J " U 


. La La_» 


J ^jl Jl ^Kiti a J^} V <j| ^-A 4-K IjJb ^A v flat a All 4 In fl*i <j| ^Jc. 

4 i%jJ j-o 4^1 x11 4_»j l_>—^ 4xjJ O-il£J < Jdxxllj ijiii 1 a^jVI jx C>l jj J 4_i o^-o jJj 
6lx*%[! £lo!j La-a ^_l£| 4jjl^^ J <j3^ 4jl J-* uiijJ T ^Jbj <4_JLaJI 

<j-a I-Li (j£jJI Sjifi] 4 jj^.Lij_-a ^xxjy^JI c-Jcl <jj_£ ua mil J J^Jj . Lfj 
t ^-xLaxJI jl i «iW I ^-A <LUL* <ljLw ^Jl <j> iktll jLa-ijVI ^_A 4-U_^ 4jjL^ 

. jI jjjl ^I 


4_i I j(j^lj La l^zk | ^lJ I 4 _ujI j jiI £*^Jxa\ Ixli (OlxuLajJI Ia y*J 1 jSLj JAj 

^fl| Jj I <» m -u i <4 _LjL_u 6jjJ ^y* jljjjl 4Ajii UJ^ O ^ UL$^[] J^ LOXJ V j3 

*—>3 ft .ill 3 -iiLj 4 i*tn I J~v I (jI j^ 3 j_u J flfl . 4jti i <i Jja».| 4 -j-uj Ju ^ji aua 
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1 Li. La 5 L VI ^yo SI J 3 . Ijl I Jj^-U ^uKJ I LjjjIuV I * I j>cJ I 

Jfl .»« La j_4j i<jlJew] jJl <-3.1 «< 1-0 <Jjl^-=w <-3.jJ JLa ^ *"fc * ~i Jj-uu^/l 

1 , ,.L u , Jj jOl Lu I J-ALLo ^ja <J 1 a$ <Jjl£ iIaA 11 jl SiC. 6 JjilI J-o JJ-aJLfl 

p * 

JIamuI .^Jl IAj< jtLa£jl j£Jj * Ljj^^I Via jL£ <jI ‘ L ^klL aj 

llLLu if -1 Jjj-ull <_ijiJ I J-a J ^ l I (£>Lw_» M> mj ' I LA& 

SJ fi fi 

.“.Q^-v ... Jj| L£) LaLaj ^LLa ^_u_uJ I t a-h rc_o J-u < Luj^-uVI £ja l^jo-i^ La£ 

jLfl j*J ^j_OJ Jl L$_iAjU O-A-jJI O J-O-J 0-1-3.1J-J £u. -~V -I < J j 5fc l I J^i <—*Jcx5 

(<-iiL_u Sjjj <ja jIjjjI <3^-lIj LjjJ JI j-U .<-jL i-U <-a-4jj-a Li-ijj-ljV I 

. La Ajjxoj J JjjV I J}Lw ■ iflfll JI jwjL Lujj-lW( 6 JlA 

jJc. tfjIi_i3.i j-a Sj^Ij ^ill aLflj LJlc.j LLiaj Ua jl^ 

oj.j J f a J t 1 J-i <j| Q Li-i-Jfc ajj-III JjJjI LO-> J ^ £ Laic. J_^l <<--i .a lj J oL^I 

JlLaJ 1—a L&J <—fl Jqj 6 Jj—La | J—u Lujj-UV I J Lfl lS^ ^ * 14j—*-^ I 

f 


: g(j<)-fcuH uji) n 11 I jIajjI 


j^uiVl il I J-Llj Lu <iLuII L^iaiJI A i Jjhjil >._fl 1 X W V I 

Li^-J I <X4 Lk ^yA Jjj Ij-^-u] <-^J IJ I 6 -L^-J Lfl jil . <51 i IM I oUC. 1^ I J IJ'J I 

uAJ Jil <LmjJj-A . 1 Aj^jm ,^| . jj Lu-^^ ^0 I.U^J ^jjILajl 

( olil l j^jA j_j| p j^ . j ^a j V <—> x -% . <Cl IJ-31 ^-Lfl / Jj-a i n I 

^SJI ^ I.J-1 tfje o' yiill J ^-“ v*U e-ij- ^ J-J 'c^U'j 

^.Lal 1 jh~^ l jaa ^2kjLaJI JiSl i ni l i_ialjll cr L.I Jl jLc <jI 


OLa^ -a JJ jjjV I ^ LJjV I jjSJ^ . J 11 < til I (jjjV I ^ Lj _»*J I d_3.^j Q i (A -i t; c. 

, <j Jji Mill (j I ugj La jJh <.ii ii tU Li_aj^£LI I 


JiVl J-1 < LaLaj 1-a- hTuo ^j$a V ‘ LJ -*il^Jl jljJl Jjj-uVI >,tfllll 1 1 

J ^ Jl ^ji| «< ■ J** i j-a LcLifl JLa)) I .a j5L t tjj J-uIjj-uI Jj-fiJ LaS t^CkjLDI 

> t l ^- O" 1-*— 1 J 1 ^ I IJa ■ Jj ( i t i ij] <ijL*JL jjS Jew JJaj I <—lj LjJ I <iLrJI ii£. LaLaj 
^ajUJI Jx5^JI iJi ^1 <-uiLJI uLjaj a—I nl I ijliajll Ljjii 
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^ ^ j *! u lu ^^IJI oL^jIlj <cr LLlJI ilj-^Vl jil 

jl pj-cAJI J1a£ < jjjl ^Ljjl (j-o ^Laj J^.I^1J <^u <Jt j£Jj ^ llii*j 
jjlll A UJ isJjll oLahjJU aJ^-fi , 4 n<ll <jjI .t <m <iLUJI jl jS.jj jSLIj Latjui*I ^1 
4ll£ j-o J-ijJ <4-il^ljl I <-tlMI iijLc Jj~c. a jLj <„I > 1 11*1 iiUa (J A~k~i JjjVI 

<j| . 0 \ • j 1 jaaj a .Kll jjitl 4-t2£ JjLu |jJ5j iaifl cj^ (jn/t<t~ilI <iiS jj5 

LjJ_=w jj .5 jlL jLl iil <i JJ&L-ttu jij *■ "*■ t JjJ <tjl j* 4VCl j «JjLc. 6-x-<a ~LJ V 

' ^ f J J 

jju-m ^LL k_ Lfll^-i 4.>AiulLj <^2J\ I J c> ^ 

(ulj-o (_)“ * ^ii A-ctJ ( j I _v -Q -q (JjLsu 4 M 4 i L^V 1 4 Li J LdJ I 4 a ill SjJfcLuLa 

. Jjj-U I uii j Cll-k i-u't I 

jjSJI ^ Jj_ujVI k—> fl “t il jAl J ij_3J (£ I 4_i^__A—a jr-LX. j] <jl 

# f 

Cj Li-flj^J I j-0 Lc^j <Jj£ <lft jj J iAAJJ jl j^&il j«0 jLS J | jLi 

* , 

6 Jl^J itiJ^ Uii ^ jJ I Lcufl . Lo Laj-i (jl -k i*uV I ^Jj 6^UA a j j SJI (j I Vjl ill 

IfLJjj 4 i tijIA. t I <uJaII CiV IaI I (JcLLuj tg IJ^.t.iJI ^r.a J.ij j > <_L L^J I 

ti l Ifl i ^ 3 > | *_0 

a * 

Jj -5 ^Lt jar. I i ij ( a i a olj^il uj-® *iijj-a-i UL Ijjj-aj ■ A~. -^. 

Lft-o LcLajjI I I \ *li i I a j I 4 j^.jJ (j^^j L-AJLIcj t U * I ( (jl -^. a 44 jV I 

( J-i Q 4_C. Leu J-lCj . 4 jB LLJI j o 1 ft > <XJ -^11 j*0 JoJi. j ^|vln -w-k i fl Jl >_> 1Q 

1 fl 1*1 a. a j U j iajVI dUj ( J « ~v i j (^LqJjiVI eljjMjll ji_J I J_3kLj (^ i L> 11 jtrw i ajj VI 

uj t >11 jl 4 jI 4jiLflj^j (J-uI^jluI iJj-fi-i .4JLLJI ^7 jLoAJI 4>Al£ jc, LoL-i 

COJ—U&JJ < Lftj-Sj jjLeJI 4 Ij jj 1 I ijj 1^-klL Lfi^ldJ Cl A ^ <A'l Jill * Ijj mil 

cdlj Uu (jji-i i iu V jL^jVI jLfl < 4-tl A.t 11 (jj 4$j li ti 1.1 4 11 A^l I 4 nj -wll oVL^J.1 


j I ^uCj «j-oj » 6 La < ill I 6j lil f < 4_ 11 Lil I jo \ • lij IJ fl o 4 ftJn L 4 ^.1 

a jj a nil J_Li_fl jl^.llI jj^JI I j_a <4_LIS 4 -cL-u jL jiVI ( j_L ^LJI cjAjJI 

jLl^jVI jj^ll 6 j 6 J^-J . L^'ir. I \ t“i \ A I flja i J^v Agj i j-ojj I j-a jJ-iJI I Jl|j 

.*—fiLLaJLI ja.) — jjD"“ Uflljui ^jil 


^L CxLjl J-il f 4-v K jjj < I Jj I jj 4 Kau a ^ J Lflj I j_A 

V .jjju ciyjI LjjjIjVI il^Jll SjLjJI 4K<tu> cLi 
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^ i -k ( LojLS 6 j q J <j-o < 11 \ *^a 4-2kjJj Lajjj_uiV I ^aJJ 1 ft > Jljj 

(Jja-^l <jl JULi < LSl*-* JxalLi ^J-U <il^ /iillj ^-C.JJ . 6 JjJlI ! ^-o ‘U-u^Lcaj 

z t 

djjj ^J| Jmt ^-jjjlJL ol jj J 5 jjl! ^jJJ Li>I i*i I 

.^^Jl (S x& jJj i<Jjj 

jl f(J*tli Ifl <jLuljjLlf < -L^> ■ t la 1- Ijlrt ^-AC £_flj all Ij^J LaJJ 

<jJail_» ^ jiI I jjl Sj5lfl jS I < j^_ i * t i j i >J aI 4 i cj_jU V j5 

rja-xlaC Jgl ~k i ii > I <JL»L_JI O^j^aII £-g Jxl fl Lflj ^oJbXo i Jj-i-ul ■ _ « ^Jb 6 ^jluLi 

^ i i rfil I { a j-a ^_J^J 1 1 ^ LlLq ^Jb p ( JjjluI I aJ I I . jj^J I t i jl !a j . ..a i J_j 5 ^jSLaJ I 6 J A 

.pLAaIIj jL^ll Lillaj ^Ifill 


209 






I 


<jjj Jjla i n i U Li i - a j n4^j I ^l*-il>y I jj^a j ^.1 : x-rays L yS^\ 5*^.1 

. I jl* 10 9 J 10 1 ^ ^yU £\j I jIj (£ I < Lo La. <jui (j 4 r^k t tifli J1 Jjj-fl Ajuua V I 

6^Jj oIjj jjj j I 4 i L- 1 ( <Ljj j jjij-i cj!_a i uula : cosmic rays 4_u_^^ <_*—Jo I 

<Lc^ j hj ^ (X 3 ‘lJ- 2 i ui'i'i (-4 i fl j t >-*JI 4_fl \S CiL jjj CjI 

* p * p 

^Ul £—a Ll^tij 1 j’ j - ■ ■ 1 1 oljL^_fljl L_uL_u) ■ ^j| ■ 11 tLf.j i^J 4 tj ( fl ^ 

^ uLu-uia ; Alpha (particles, emission) LA-^i .I Lili 

■(-k) J L>^ o-° / > "» *L>0 ofUX^ 


.<iLLJI ^LU : erg £jj 

cjloaji. ^ jl ( U 4 .i >U L^>j^ 1JI ^buiVI :Jt>) oL^>aJ>Ual : emission ^bull 
CiL^j-oil <(jLa j 4 fl1 1 J_^jj • fl 4 "u t~J I 4jjjiJ Lfl_Jaj 41 itiV I :Ja^ 

■(<JjUI I :Ja) 4 _l^.^a OI ^ w .. ^ I lj ^Cj I ! -La^ 4 w,.^ 

. Ijlo 10 12 ^ JiVl (.U) ^LuiVI : gamma rays LU. ^Ll^I 

JL*-* 0-® ob>o J^LI : electromagnetic rays^M.iUUx^j^^ ^bui] 

liA i j-a 5 4 i n _ fl > I <h^uj i jpbj) j^jjXq! in a ^ >LI *.« « Ui-oj 

JHh* CjL AA . i . a . -Tfc ll A Ai J .(^Lojjlj W • ^JJ jJ-Ojjtj 1 * • ^yU £_£_! gj X MlV I 

•(-k) CjbjJ^ill 
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^1 <j jl j^JI oLlLuJI 4 -k a it < i a 4.ti LI <jaLhJ I jiduij ^ M U, ^ I ; entropy Luj^IjI 

111 <-uIji.ti 11 Ij Cm iti ill jk hill JU-a ^Jl I jSj 

* <J>Lk j.i t.Vi~ < t j n th 1 ixjnjj g<JI oLx^iI <jI IS ^Ii^kTi hiuj : ether > I 

■ (£ I jl I I j-A J Lufl uj 1 aJ 1 O-i i j I JJj 

■ulHXHJ : bets decay LLu J^Lxjl 

cosmological red shift j *.^Vl -1 : red shift j -a. o>) ^Ljjl 

ic_Lfll^ll ^jC. JUUlAJ ^Jil I xmaj I <jlS Ijl ^axV I j j^il I jy^ * (*^) L 0 lUI I Jaj.txx «LxljJ 

Jj^SJ I I -h^ JjjfLJ ^ J J-QJ 6^)-4 Lh ‘ta-o Lxa < o 1^—.xJl I J (3 -0 ^ I o 

JjiJI -L^o : gravitational red shift ^I-aJI ^L^iVI .(jj-oJill 

. < fiSI I a^-i-iS jk^x-JI <_u j Lx (JxAj jj IS /sjl| &jjluu I Ja-a <x_iuj p^uuxU 

« < , * 

JjLfl «p^ 9 —i-ojl ^lui ^^jAj »—1 *i i -k Li I fl ^ ~ ^ I aajlA (jl ^ * bl^® shift jjjl ^Li^jl 
^jjjV I pj-nal I jVj . VjJa j i/ > I j «<Sj_xJl <1 ^ t u 1 ^ «uli 1 J_lj OutV I 

I J-A ^ A I.j l lj fjjjV I I 6 LxH J till CJ-a-AJ I <j Lfl tj A "kV I ^j-0 j>h] I I 

^Lc. ^LJj jjjVI ^L^jVI j;' 11 j »( j A ^ I : -h) 3 jjI £^lhI j _>S t ~>11 

. a JXaj ^^Jc. <JjJj j-o^xV I ^I LaS <<j|jSJI 

l^J^L_x l*.u_ > «Ljlx.L aLxiVI filialIj ajlII jLajjl : big bang ^xh.til jUxajVI 

(Jja clljj ( (-h) ilL>L Ixj Cilj <j^4aS ^-o J^IaJLI j|^ a Jj-SLa (jj^l 

05^ '° 


. l^jljjjjSJI {j* oljjJI ^jjju jjla oljjJI ot-j^ ^ja ■ plasma Lo^L» 

<ja SjuIII ohjjjSJVI : (particles, emission) beta (^lxJi.1 toLiaa] LLu 

(ii) ^U^VI LLilil J>U <juUI jljll 
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*■ << ^f 1 t mi i l itU I j doppler GffGct^J j^j j *» 

Ijlj <j>UI ol>JVl ^)j-* Ijp t±u*al ^J1 <j u > uA\ 1L ^u J>l 

^J-QA,| ^L^jl :Ja) jA^.Vl 6Ll <A.ljVI j IJJuLla 

<L_5_UI jljil oIjjj ^^Ual :^ tjp £,l__*_-iiil Jal radio decay ^x. I.< . < «<l JJau 

jj-oLx ^Jj (Ja) LoLah i*xAi|j (la) la-uj (la) L&lj uL^ucJ 


4I “yC jJajl <£jL -uj 


411 ^Jc. tioLiJI LxugjJI ij^klJI ^ ijxa : equivalence ( Jl Ij-lo) iJjbu 
jc. <„aJiLili jtVl 4-ujLsJI JLaJL <iaj aJI I 4..tL~kI I jllVI ^j-U <J5 j fl*i 11 V 

. jli^VI jUaV iiljUlU KpJI 


gjllll ^LuiVI L Lilli) (jjjjl I jlkJtuVI ^ : chain reaction JLakulo Jclil 
6 I^J J L L i i l I ^jja A. t Ilf I LflJ | Ci 1—ft-i i*i ^1 (o L 6 l^lf I i fll 5 ^c, 

. JjJall uicLoJl 4 U^Ll jLLuIuVI ^Jaju La^a ^SjjLaJll 4_ijlVl ^LLa-iijJ 

<jJc cuu^ i ^jJI ixJI : Copenhagen interpretation (*) ^ *.j< j^ a~ 

Ijjl L fljJa £-LaJI JLal^VI 4-fljua <xo^JI ^Jhl^iaJI ^JLju ca£ 1I l£ijlSb** 

4jlal£lJI IjuJl L&jJo «LLK*Lo ^bl^laS <_i_a5>J I ^Jb I'jJLlI JjjLj ,(la) <jj>iJI 

W 

<-xu£ I\ jaIjLII JL* JjLUI |j_JJ ; complementarity ( Jl ijg^) (*) 

* jl CLSj-^tjM ^LlJ^ <<lal£U piljl ^ ^jJb 4u-1jLlL1I 

i^UJI <-i uuJ I <jjJilll ^a |jj-a : covariance (f LJI J5UJI |jj-o) (*) J5Lu 

jjJLllLj 4_LLt_a (la) jLluuVI iili J-oLu ^j| I,t% > al. aAI a a » 

. jLxJI 11a {jc. 6^-L> A oVjUI o'\ 

(jjfo :Ja) : tensor jj^aj 
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fjc. UjjlJ 4 \ .inlL CiIj^JLI ic j-ijj SjLj Jojl-o : Hubble constant Jj»a ojG 

^ A -%*1 \ * * ^1 0 • (j-o) ^ i il A itill jkllyJI 

.(<£}** T, Y = parsec ^^Jjl 

dl3 ^j-3 Laj ^c_a— uu V p 1 ^a .a 1 1 d sU \ a : black hole I i w ili 

£jLUJ t it I *j i Al I jjl >ta-k > 6j-Lll (j-o Lfl ^jX^II JUJLU . I $\a jlj-flJL <pj i A ll 

# I 

.<J£ OiLU 6 jxo-i i LjjI (j^o ^_iIxj 


.<jjlll ^Lu-^Vl J_u c-ijLlJI Sji : gravity ixjjLJI 
^ jk 1 ma '. black body j^jujI ^ i.n^ 


^ t-o i a i <j| jj *i a * ^~ a I ^JLi a ^uujuAi ; black body jj^lajI ^ uia 
^LUJ <J I A JQ 1 «Grv ,,r> XLC.J < I *l \ itl l+lo L yj^JLJ yj < < -ilf. <-Ufl LluJ I <* aTiV I 

<JJ-JclJI J.-LlajLujI 4 1 . Aj ill I 6J_^J ^jjLaJill <joILaJL <jl£j <v. jjJal l uL^j-o 

.(Ji) <^JI 

pllJiJjyi oliolll uj& ^111 oUxulJI : elementary particle Jjl 

O I L^loj) (oLjjja^JV I 1 \ aj^ CjLjIJJIj O Lj^j^aI <4^UaJIj 6 J LI I 

y i nj^j-La. :Ja geodisic 

JfCh j <^ULa la.< u a ilUfli <ii j n a j ■ S | : gCOdiSiC ^ * a»Jj 

jjujJ 6j^ll 4 Klj (^xAIjuiII -LAJ I juuJLI * jj.( 1 4.Lm‘tlLi (^kiiill OUdki 

. I V LCc I xku jcJqjojVI lillj j-ii-Ij 

I j < q i (. pAj <^t_i=M-uV I 4—ujljj i geodesics l -i 1 . 0.143 * 

. Lq IfLi.lJ j* 1 U^kJ jl I ilA 
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c 


I qL^jI {ja jjjLsu i JaiL-JJ : blue sheet l -L=»_»L=^. 

<JjL~v—a ill cjiiill [1-1*11—Tk. ijliaJI <jl iiUj ^i» n j 

j >*\ a “ 11 4 / pJ I 1 ^ * gjlsia j ~^ c ~ j a <—JlJI ji l ,\ i *1 *i i V 

L Jiii : Chandrasekhar limit jLLixJj^Li j-a. . .kSlj^JI t>lA JL® 

< (jA n | jv^’i CjS_i 

J^fj iij ,j -wl I oLsLili <-j^lj-cii_sJI j-^JI : brownean motion <_ujlj_i 

, o Cy* ^!j-^ I uj^ 1 ^ ivi *»»lj Jj I ^juuJ I 

. i.tJ I ^ja ^<J ^ irfT^o <_,jii * perihelion ^ ^ ^^, ?j 11 ^x_i.A-s.l i 


c 


. ( J l^O^J I j* t J L.U ® (JjAJ : world line^jUl 1JJI 

u ^l ^-fl j> iu-k jLjia : world line 


j 


^ <-ii j 4-ull <jL-iSU jJua® ^j-fli Cygnus XI \-^ 

J^-uu | IwJlLi <LlIj 

ii-i^ilL icu-ii® Sjlj-=JI i^jj : absolute temperature <ilUll SjlJl i^jj 

(Ja) jikll ^ix-^all 

> 

cr 1 -*^ c£^l eLj-j-ill £_>-« : thermodynamics _=JI l< ■ » L > <11 

■ <SUJI <> ^Vl JliiVlj <5UJI o±? oliiUJI 
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I ^jJI S I ^Ijj i Orion arm jUJI ^Ijj 

. La jA**\t I <-u(ju 6 Jaj jiua [ : atom 6jJ 
* * 

Cx.i .i.uilI Oj-laLi f^yj Llu l Vi. j a Lj j^. .<<*li : spacetime ISLoj 

. <j^LU I <uc,J^ill jLuVl jJI jju <xa jii i <j-oLkJI 

0" 


^jSJI jLillj^UJI <jUk-uu : nebula 
4L>ljJ ^j-\'JI jJjjj m LcuJI ^lalla ^Lxul i Orion ^1 rxll ^ j ju^i 

Afcg a ^ aIj <j^LLa ^jf : escape velocity cjjj-fl I 

. (_£jLouui AjSh <AJ jLa CJ^LflVI 

:Jo^ 4lol^ i »j a Al 1 1^»Jrtflj I <iLkuil : light year <Qjjxa <Luj 

* LajuJI £ U**( j>-al!s : Alpha Canis Minoris, Procyon <j-oLiJI 

(>^VI cJSII)?^^ 

(^SVI ^lKJI) pljaaull j ^Irtuul : Sirius Lull 


L>* 


<a*jj YVY, \ o - : absolute zero jlkll jL*> 


O* 


.LuIjII jlojii^ i—tlI V• • : light (speed of) Jl 
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, 10 " I i I lajU 4 ir I » iji 'J I CiUkjil LUljj ■ Spectrum <_&xla 


£» 


Ja 


SjUI _^l = 

jljll 0 J=ju iltiil : photoelectric effect I i 

• ( j * jfc r j ‘ a! ) t*s ji i ii J k* 


. 4-aUuI jl jfjJLo (Jjuuo i acceleration 4 l^r 

, jh.i4i-vl J £-0 I 11 6^11 LjjJa . hxjLTI l^_j| 111 I jjjjxt 

.^uaiIlO 4ji uftjt~iJ I ^ ujiil i mercury I Inf 

Jjjl-q (Jjj oU^LaJI <ti-v i j ^.ill jJjJI : calculus J-otilllj J_*-iLalll -JL 

Ji Cr^->d3 cjLa^SJ) 

.^j^u <jt_ug>j CiL uqLjJI ^yo i calculus1*^x11^ ^jx^L&lll ^lIc 


6jjb 1 jail ^_t- 


■ ^ 11uUI ^La-JuVI jl pjxaJI ^-x-t 1.M.-V : photon (JL>^ 
juI j > i ■< q 1 1 Lixla pj I CiI a- Liu % : photons 0 Li jj-3jj 

. Cj Uji Ij pUimaJI ^ r.-iTi I 
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JL Jj. L ^jJI ^Lill ;[aw of conservation of energy <_SlUI *L_L jjiLJi 

. <o_i lo jjflll 5iLLJI < ia\ j I JlC jo jliG Vj V <5UaJI 

jL J>JL jLS ^UJI : law of conservation of matter Sjlll fUj j^U 
. <jj L1 q ajlil (J 4-ul^aj > fi I i tiY^ I joS jiljj < ^ JC. jo j 1^ » Vj V ajlil 

jl jlx. Ufl «.xi a jj^JI e^-Ju <J5* • accretion disk jj^jjh 

<X.J_UJ jl_fl * L»jJjj-U 1 a -v> j| JJ-*-u} l lAi jj^J < j A jl >f 

ijA i i-u <j(jJ <j^=»j- 5 < P n A ^j-^JI jj^^k a iwLt t ^ la ^k*i <LlaI «ii >11 ajLJ) Jjljj-iil 

.^Ij^Vl aj-A jxo jo 6 j "v fl*i -o <a£rl*uJuj <SLU ji^oa j»A I I j_A . ^-olSk I jl] I (j^jilL 

jl jjl^JI <t* i jo L^JU^j aLu aV I laUl^l liruaLl : inertia jj ■ --> q I1 

jjiliJI ' 1 jl LfllU> jo joio ajiL j_»Go <j_i lo <cjo-ujj ^ na U-s. ^_fl <SjrJI 

^_a 4 a 1a 1 11 ( <x.^ o-xjJI jl <I j^ <iJLa. JlLi f .i -o - =J I jl jj^Gl JjVl 
I jJI jj i^xflU 6j-AllaJI a j-A jl Ujj .<iajL 1 ajJa <_ilc. jojj jJLa <a L^oV I (juAj 

Ll ^ jl1 ^jiATkOj . Lp I j_» j^J I Iflil U> jO_JG jC J.'^JLI j\ I «II^V I j I <J J 

jl <aL^fl v Ofl~i j*^ j^LaVl I i jj^J ^ilI <jSjII <c.jjlju jjJ uj jo^. ^jl jJI 

. <l^.LLo ajj * sit Oj IJ Ijl j-Jj I jufl >j foLckJt i*t j-i^. i fll-vl I ^J| 

^.Lii^Vl 4 -wjIjoI c^>J julj-fiil : laws of motion I jjjlji 

jjITg 


4h1 


. 4^ LUJ I jo jjLuaI : Quanta ^ 

I^JI oI j-^wl I jo i a^,~L\ I Lo Jjlj (£j ^I • Cygnus A I 

Eridani ^flll <jSjS 

jj-ooJI juj ol {J ix jj : oscillating universe jjj.ilI jjSJI 

. juLaiiV lj 
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e 


Cj\ j^ Jl ) iAjSJI olS j-^JI : cold dark matter 5jjL 4 -aI*.* SjLa 

,“■(» jL'J I ^j_a JjJjlII (JLlAj j-a£* 5jUI ^j-a oLi-aSJ LujL^j Ij-ajU (>CLo 

. L^LlALq ^JjZk. 

dl l ... I> JjIj 4.»_iJ>j i^l-o : uncertainty princicle I jxjx. lax* 

. <La IS <5 Jj CxfljJ I ^uib ^i ^ j Ajl Ij <c,jjwJ IS ^ v < AiaJ <j^*i I IS Jj J.->. t 

j -i-'-yfl i jj__^j I <JljJI <4. t-fll .i.ti a <JIj ^4 a ^mlSj i metric ^gj ua 

d-.il II < i I.. til t tijJj_c. Lu-fl jjJjLaS < La ^U i.oJ ^Ja * JJ_LxI I j| j-i^at.fl.ILL I^ 4-iL-u»a 

■ 4111 Ui ull ill I j <_1 J-ilflV I 

J(JLq .4jco ^pj-a^LLi jl jjj j* i-a! i-u <a ^a ^Iaoa <-_Jjj-al : asymptotical ^jjLSJLa 
<_C jo-u Jj_a j-LS |j jiS I 4_=».j J_i CJJ Uli <j Lfl < <j l$_J >L ^.U% <X.jj-u Jj Ij-ij <jx=fc. 4_j I dll J 

. 4_lJ I Ij il I * ^j] 4SI J I 

^ < ujj^La> :Ja metric j*^(_SlLa 

j jjlj pLAaII J}U. <Lwj : closed timelike loop CTLjii-a jLlo 

# * 

jjJi 5 jjjJI 5jjj-iA La j-Aj < LLS-aj LLoj <jI jail <Jaju ^>uAj ^Jl Laj.*_> jjl < ull 

jU-i < ( j j-a SjjU=h—a O t XL jl Cj^—=^ jJ I 6 j-A ,4-txjJI P j_=*. ^j-oj] I 

.e. LjxaJI 

• <J£. aJjij J»A"i^ n ^k_il <Jjl-A : SUperPOVa ^Jo£.l Jlwim 

. u iikl I ^Lia jL^=k : spectroscop ^_flL_L_a 

«• t 

<■ aJ k .A ll j*>aA]l <CLA <_iLLJ) ^ JSiti : gravity waves 4 _xjjLJI oU^a 

.<aLaJI 4 n i .Jl 11 LijU JI <_» pi ull <<c.jl ^1*111 

• *Lu_*_£i *— ajjU c. * - "vj pi n i. t -ii_ ^ JI J j4«-.j cjL^v^-o : matter wave djLtl oLs^j-o 

^ ^_n . 1 -al l JLcJLa. I JLaj CiLa^j-a 1 ^-jI ^^Jc. LjL^I L^-J j jU.ii 
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0 


^ 1 S*it» 1 JUuiV I {ja oLa^aj ^.li«~» ^ xi .' p UI S3 TS 4 jAi LlJ I ^k^-yjJI 

. Ifl *.lfll (J[^X <AjLfl <£.j-4_uJ Jjjjj 

JLj :.U) : radioactivity ^Luij LLi 
. jia* c Laj :Ji : gravity radius iujLJI ^kS uLaj 

6jj^i a 6 jL 1 jti&l I c L^j ^ ^ | i Schwarzchild radius jl>«1 a «.ti t. o < <ai 

. jjSlJI dUj < ^ i~i i g-1 1 Aflll J La a 11 6wUc > 
. SjJjl 51 jj cjLjjio (j-a < i!\uJalI -uLv-a ^ n i neutron 


.<jju4il.l gk^Vl a-o J-oUu LuijlA : Euclidean geometry i^ak] i^jiA 

j-o J^LaiJin < ^jIa : Riemammean geometry (L.iJil j_l£) <^uS\a 

. ) Jit £uki_u V I 


^jVl I Uft< ^jJI doAujjil <iLuJll : astronomical unit 6iaj 

. ^Jj-o Jjjjio \T} Jxa (jjjlLo No* ojl7<II UjL-ua 
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Lr J^C - J-j • 1 4-1 till >JJh^A4 JLU 4 


u- 0 AjsL&Z+I <U->->3 


absolute temperature 


absolute zero 


accelaration 

<kx. 

action 


Alpha Canis Majoris 

<_uLo_JI ifjublt 

Alpha Canis Minoris 

^J-9 LuJ 1 [ 

atom 

djj 

Beta decay 

liu J^LGl 

big bang 

jxxlaxll jIaAjVI 

black body 

* 

Jj^ul j* < 

black hole 

*■ .• 

| «._i fl > 

brownean motion 


calculus 


chain reaction 

J i-xj 11 uIa JjtUj 

complementarity 

«Ulal£i 

covariance 

JjIaj 

Cygnus A 

1 <^k.Uk J1 

Cygnus X-1 

N<^.L=wJI 
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Doppler effect 

Sj-iLli 

elementary particle 

(A/ 1 

entropy 


equivalence 

<JjUu 

erg 


Eridani 

<1 

ether 


field 


gamma rays 

LL=w 

geodesics 

1 11 .»1 Jj \ -yl 1 

geometry 

4_xxi JuA 

geometry, Euclidean 

1 <-i_u-U-A 

*- - f- 

geometry, Reamanean 

Lcuj <-i_u jJl-A 

gravity 

<_i_i j LaJ 1 

gravity waves 

iijjLJI oj-o 

Helium 

fAA 

Hubble constant 

iJ-lA Cuu 

inertia 

^lj J 

inertia 


kinetic theory of gases 

oljlAll <£^1 

law of consevation of energy 

<_q [ UJ1 p lit 

law of consevation of mat :: 

6jUI e Laj 

laws of motion 
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light 


light year 

diij i ^ d 11 it 

magnet 

(jn A 

mechanical equivalent of heat 


mercury 

JjUat 

nebula 


nutrone 


Orion 

Y_jb 1 ijt.w 


L$_LJj_i aIjIj <pLqji.iJ1 

Orion arm 



^JXLAxlJ 1 d_l 

oscilating universe 

jj jill 

perihelion 


photolectric effect 

dll | 1 L—11 I 

photon 

CLK>* 

Pracyon 

*0-0 LfJ 1 * -> ~< 11 

probability waves 

JLal^VI uUijji 

Procyon 



ji-taV 1 i^KJ 1 ^ p 1.^ i.iJ 1 

pulsares 

<LlAj L1|I ^j)'v,‘ill 

quanta 

£ 

radioactivity 

^cLuJj 1 Jal iiij 
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CLfrfjliU jLd g.sJI JI 


Ui^U** 

(<Jli iC.) UUI iiiJI - > 

^.Jj jlji XojvI : o 

jKjljLi >ajU .d 

^LuuV Ij — Y 

^ : ° 

D““ £JL>* 

jjj-nJJ illjill — T 

■ A--! 1 jA-fc 1 : o 

Lxjl 

jjjLimJI ‘ — t 

^ill : Ci 

qjiaiA J lf l»--j 

” 0 

ujIa JaK plij / £jL^xa Ji m : o 

u^uil Kli« 

^uiii i^ii oUU:i - ■; 

JZLX\ : o 

tjLcJjt 

<Lm1»JIj LjLmuVI ^ui — V 

_^>La ^ iLai : O 


jlx.t** - A 

jjaitt jiaji : Ci 

iSAy? -a- JL>^i 

* ‘‘“11 oIjiilH — ^ 


■~‘ jl^iA 

<.l^JI v lu^ - \. 

LlaJI jaa c Lu : Ci 

(j 

Ci Ijl i>a — \ \ 

■U'fci '. Cl 

ui^fb 

ji> aJ, 3i>~ u 

»-<_jic. 1 jjt : o 

IdUAMI 

o^lji <iLj - \r 

o^>tl : o 

Ji>j 

ujVlj ^i.uiill Ja 1>~iI 1 — \ l 

J^j «-0^ ■ c. 

.1 Jjljjl 

<Ai\\ ol^JI - \ o 

^ tjtajc Ja>I / i_iljA±ilj : ci 

Jlj^j ChjL. 

flqjj-dl <liil — N*\ 

<^>*j ^ilwn JAA.4 : Cl 

ujl*< 

oljlii-- w 

Li o*iU . c> 

CiljLau 

<iL2jUI Kj_^* 1 ^L^Jl j,«-.tJi — ^A 

- ■ »*■ ; ,-, 

£jj*. 

<LKII^u!JI JUcVl - ^^ 

^tLill _uc. ‘-LjhU :Ci 

c C 

^JjlII <^«j — Y - 

^IjjJI 6 Ja.L : o 


— Y \ 

jjJt -La-^-l ,li. a r Cl 


^yC. <ILaj Cllj£j-« — YY 

IJUa ! Cl 

j-e IjLak £jjjd». 

Ji *aJ 1 ^yjvi — YY 

ji-i ; Ci 

jjjjL cLjjjL 

j-iLai j^Ui - n 

llt£i JI : o 

cf ^Jl JjuII UV>> 

— Yo 

Jlii ^lua Ja% a Ja\| : Ci 

Jljk jlMA J*X» 

^.(jJI yA4 (jjJ — Y*\ 

4 i : c 

oVlL 

<3^1^11 "" 

: ci 

4^u» 

yLlllll 4lLnj — YA 

UJjll jjj 1 Cl 

'V L>"*^ 

c<>ll — Y^ 

£-<ii jlji ma| : o 

jK^L^AjL >d 

(Yj.j^yijiuyi-Y. 

v^>L jjt / jjc.: ci 

4>JS — j^Ia. 

j^oL-Vl ^-jjtll <lm l^j~ YN 

jH* - ci 

L^-Jj J_*AiJ 

JLi\ - YY 

£j-L jlji ojq,I : ci 

■£ -1 

iujill IaijaV £>p\ — YY 

tJuill ^laI^J *■-**■*- : ci 


4ajjaJI 4jIjJI — Y £ 

CiiJ^ JJ> ■ Ci 

. *_» . Jjj 

CI^JIjijL^Vl-Yo 





A*"fc.« ^LM U. : Cj 

cPjL* 0"^Lj 

C^AaJI j_^JI oL^Iii - r\ 

ji 1 jut JL*a. : o 


Li Ixi^u^aj iju u ^a lj — TV 

u***j j_jjI : cj 

OiJ>* 

CIaaJI Ji: - ta 

uU£ : *=* 

Mj£Jlj J*AJ 

luiaJlj ^ 

^aAIjjI Jjt i>a 4 : c» 

lJL)~“^■ ■« (J* 

■ • i- Ajlirtl — £ • 

/ tf iji^*ljil/ J*aJ >-iUtr : Ci 


<ajjjV i i a*-* l — n 

Jj-4^-a JaA 1 : Ci 

jjjL ,^c«L»JLi 

iT 

<-ii^»l (_£A+H : ci 

CiL j-iiluiji 

{TJjjil - ir 

<j*jjb : Cl 

u 1 ■ ^ * <^>^1 

• «1 ■ .^>1 o AC Aaj —it 

^A>a JaaI : o 

(jjli [ wi — Ljj jr Ci >-! i > 

jjJaXI ill Jjl 1 — i 0 

^Jc .1 uJl 'j - - ; o 

1-lU^ 

l_A i JliAi ^ y j 1 tlf — t A 

jiL^ ^jul! 1 Ait Jjk 1 -^-a : Ci 

■ * 1« 1^ 4jLj 
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UNVEILING THE EDGE OF TIME 
JOHN GRIBIN 


3L>.LLa (Jj-oIj LJLL t c_jLJV! Tp_oj ^LtJI JLidl J«- 

. 4.nln / AJ J_5 £_>3 jj^A^Lu-J CjLj^_ 1 ^_Lj J 1 (JjLfcJ! 

by J_J J-*JJ I ^jju L-U ^ 1 g. lj.aU i—blyd I ^ jbb I JlA Lb LK ^£ti^ 

~~ 4.t u , a') CxS^JI ^£i — 4_tSJj i ^.UJ l JLpJI ^v^LsI 1 $Ac. d<-t.b 

La 1 LfO ^ l J>^LL! 4 j3jL». CjLjJLlJ j_<a ^JjlII 4_ui_>. La j 1 

* oLx'_)Vl JLb>* 4_dj ^-La_bu (jl b^ya 
by CluJ j?cJ I ^LLaJI La jKl ‘-jLSJI I JlA jjyyj i ^j^v .} 4_p*.b by 

4 LL 4 JI L^jjj^j L&j£j j«uj ( ^ r blI cI^^. ojJI L-jL^ j! i 3 jIj] 

Cluu^G 4-Jj-U) SjfLK L^b oj-J ^-l To ^4^ t L^-ba ajjlaj ^ya ^L^lll >^lf. 

4 < <i < ^ j-xa 4 j ,x Uf . 4_2LuL>- JjjuJ Lyyj c jj3l 4 4_u jLatJI bpj_u 4jjJbj 

jjLu^_j V CjI Jl>-V| Jj-yuJ (J^3 ‘ ^ <t til i _- r 3 ^jLbiabl 4jj-bb lj7 lc. 
Lybyj 4-y.isJ! CjVLicJI yblyL 3^3 l£jLU1 4juLq ^1 c. 

J/ 

B^SLs £cJL-^J Jjo ^uaircj j^a^/l (j'\ i _yjbJ Vl jj 5> 4_) La < ylKJl 

55 ; 

(jL-ujVl 4_relb2j y L by Ub 4 (J^LL^/I ^mszj> />J 4_LJj * \Sj^" * 03^ 

La jjfcj I jUjS/1 by L_}I jj 1 J_lbbj VJ l 4 -^ 4 .a 4 -laj 4jl-ulLx1! 

# # 

. «^ 4 ^. Cjj^jl 1-< v J.c. Cj^jjl UK» : J^^JL) 4lr, j-yc. 
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